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PREFACE. 



Tbe object of this work is, to elucidate the prin- 
ciples of Isometrical Projection, and to explain its 
application to a variety of useful purposes. 

In the construction of Geological Maps, and of 
Plans and Sections of Mines, Isometrical Drawing 
produces a clear and interesting delineation of the 
various strata, and combines many peculiar advantages 
which cannot be obtained by any other method. 

As this subject is one which is daily increasing in 
interest, and as the necessity of preserving accurate 
plans and records of mines is now generally appre- 
ciated, the Author has included several observations 
on this department of engineering, and has also given 
many practical details connected with the surveying 
and planning of mines, which he trusts will be found 
useful to those who are studying the profession. 
These details are the result of considerable experi- 
ence, which the Author has had in various extensive 
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surveys of mining districts, and of frequent opportu- 
nities of deriving information from many Owners and 
Agents of Mines, to whom he has submitted his sug- 
gestions, and been favoured with a liberal and friendly 
expression of their opinions respecting them. 

For Plans and Elevations of Buildings, and for 
working details of Machinery, Isometrical Drawing 
possesses such decided advantages, that a more ex- 
tended knowledge of its principles cannot fail to en- 
sure its almost universal application, in preference to . 
every other mode of perspective drawing. 

In 'rfepresenting Gardens and Pleasure grounds, 
not only a correct ptari of the mansion, and the various 
walks, lawns, or plantations, ban be shown, but also 
the height and pictorial aspect of the trees, shrubs, 

I ' ■* 

green-houses, &c. For this and various other pur- 
poses, Isometrical Drawing will be found an agree- 
able occupation to Amateur Artists, and especially to 
Ladies, who are thus enabled to combine the beauties 
of Landscape, Architectural, and Flower Painting, 
with useful and correct delineations of pleasure- 
grounds, houses, gardens, or other objects. 

To the above, and to drawings of Harbours, 
Bridges, and other engineering Plans, the applica- 
tion of this almost unknown, but extremely beautiful 
and simple, mode of projection is explained. The 
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especial object of the Author is to furnish a book 
which may be practically useful and intelligible to 
every class of readers : and geometrical illustrations 
are also introduced for the information of mathemati- 
cal students, for several of which the Author is in- 
debted to the eminent talents of his respected friend, 
Mr. Peter Nicholson, the well-known author of many 
valuable works in various departments of Architecture 
and Geometry. 

The preceding observations formed the preface 
to the first edition of this Treatise. Its favourable 
reception by the public has been evinced by the rapid 
sale of a considerable impression, and by the opinions 
of the press, many of which the Author has had the 
satisfaction to know emanated from persons for whose 
judgment he has the highest respect. In addition 
to this, it has been a source of much gratification, that 
several of the most eminent and experienced Engi- 
neers and Architects have expressed their approval of 
tlie work, and a conviction of the great utility of Iso- 
metrical Drawing. It must be kept in mind, that 
both in its original composition, and recent revision, 
the Author has had few opportunities of leisure to 
attend to hterary pursuits ; his time and attention having 
been much engrossed by professional engagements, 
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often at a considerable distance from home. In con- 
structing plans of mineral districts, and of railways, 
buildings, &c., the Author has often found this mode 
of drawing extremely useful in conveying a clear and 
distinct idea of the works proposed to be accomplished ; 
and to the numerous examples given in the first 
edition, he has added a representation of a Colliery 
Shaft, to illustrate the mode of applying it to subjects 
of this kind. 
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This representation exhibits the walls, &c., restored, and the example was 
selected as possessing some interest as a picturesque object in a romantic 
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CHAPTER I. 



ON MINING PLANS AND SURVEYS. 



The great expense attendant on mining operations, 
the strict geometrical accuracy required in projecting 
and conducting them, the difficulty of access which 
militates against a frequent and close inspection of the 
interior of mines, and the decay which, on their aban- 
donment, sa speedily renders them altogether inac- 
cessible, are circumstances which strongly evince the 
great importance of having clear and accurate delinea- 
tions of the several works connected with them. To 
mineral veins these remarks are particularly appli- 
cable ; for workings in them, which have been long 
abandoned, frequently become the objects of fresh 
adventure, and a needless repetition of labour and 
expense is often incurred by ignorance of what has 
formerly been done. That minute and faithful re- 
cords of all subterranean works in important mining 
districts have not been carefully preserved, is a mat- 
ter of regret to all who are practically acquainted 
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with the nature and utility of such documents. On 
this subject, the eloquent declamation of Werner can- 
not be too often repeated, nor too earnestly pressed on 
the attention of all who are interested in the welfare 
of mining, or in the promotion of geological science. 
After describing the manner in which mining plans 
should be constructed,and common tingon the advantages 
of having such plans, and also geognostic descriptions 
of every mining district, he observes, — " Such a collec- 
tion, the plan and description of the district, form to- 
gether a complete and instructive whole. If our an- 
cestors had left us such documents for two centuries 
past, or even for half a century, what advantage would 
it not have been to us ? From what doubts would it 
not relieve us ? With what anxiety do we not turn 
over the leaves of ancient chronicles in search of infor- 
mation, often very imperfect, obscure, and uncertain ? 
With wliat pleasure do we not receive the least sketch 
or plan of some ancient mine ? With what pains do we 
not rake up the old heaps of rubbish brought out of 
old excavations, to discover pieces which may afford us 
some idea of the substances which were formerly worked 
out ? Yet, between these documents, and those whieb 
we might obtain in the way pointed out in the pre* 
ceding paragraphs, there is as much difference as be* 
tween night md day. Is it not an obligaitioQ, a duty, 
for us to collect and leave to future generations as 
much instruction and knowledge as possible on the 
labours carried on in our mines, whether it be in those 
that are still worked, or in those which have beeu given 
up?" 
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Such was the opinion of this eminent geologist, 
whose knowledge of practical mining adds great weight 
to the recommendation. He notices the historical 
interest and scientific instruction afforded by such re^ 
eords» and not only in these respects, but as regards 
the actual profit and loss of mining adventure, his well-* 
ma*ited encomiums are borne out by the testimony of 
the most experienced geologists and miners. The 
publication of Werner's directions for constructing 
plans, and preserving geognostic descriptions of mine<^ 
ral districts, together with other similar works, difiused 
much useful information on the subject, and led to a 
more general adoption of plans in conducting subter- 
ranean works ; but the progress of improvement in 
this department of science has been slow, and Wer^ 
ner's recommendation far from being universally, or 
even generally, attended to. 

The utihty of recording subterranean operations has 
been much undervalued by persons unacquainted with 
mining details, as well as by many of the less-informed 
class of mining adventurers, who are with difficulty 
brought to perceive the advantages, or to adopt the 
practice, of any system to which thejj have been unac- 
customed : hence the plans of mines in this country 
are generally confined to such particulars only as are 
indispensable for conducting the subterranean works^ 
without any reference to the past history and future 
prospects of the mine, or any sufficient record of the 
strata and various geological features. The accumu- 
lation of such a mass of practical information would 
in time prove of incalculable benefit, and eventually 
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obtain that consideration to which it is so much en- 
titled. 

So long as an indifference to the general advance- 
ment of geology, in connection with mining, prevails, 
it is in vain to expect that any material improvement 
can be effected in planning subterranean works ; but 
the progress of science, and the efforts of intelligent 
practical miners, seem likely to open out a wide field 
of observation and enquiry, and to pave the way for a 
more general and scientific system of recording the 
progress of the works in the great mineral districts of 
the United Kingdom. 

In a work professing to offer practical details con- 
cerning improved methods of constructing geological 
and mining plans, it is desirable, in the first place, to 
point out some of those considerations which render 
plans and sections so important in the economy of 
practical mining ; and also to advert to the increasing 
necessity which exists for a more rigid attention being 
paid to such documents, than has hitherto been com- 
monly bestowed upon them. 

Subterranean wealth differs from other property 
chiefly in the exljeme uncertainty of its existence, and 
the difficulty of its discovery. The valuable mining 
manor of Alston Moor, in the North of England, was, 
upwards of 200 years ago, considered to be nearly 
exhausted of its mineral treasures, though it abounded 
in those hidden and almost boundless stores, which 
have since been so fruitful a source of employment 
and opulence. A few scanty hints relative to the 
history of mining in Alston Moor extend to a period 
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of nearly six hundred years ago ; but, excepting some 
information on the royal charters and privileges granted 
to the miners, no records remain to perpetuate the 
nature and objects of the several works. The position 
and extent of the various mines which have, from cen- 
tury to century, been prosecuted, might hate been 
clearly delineated and preserved at an expense exceed^ 
ingly small in comparison with the expenditure of 
mining, and would have proved of incalculable^ value 
m promoting the interests of mining, and the advance- 
ment of geological science. Nor ought such records 
to consist merely of plans and sections ; they should 
be accompanied with explanations of the reasons why 
each mine was forsaken, in what state the several 
workings are left, and whether there remained in them 
any inducements for the expenditure of capital in fur- 
ther adventures. Of late years, the subject has re- 
ceived a considerable share of attention, but much 
remains to be done before any permanent and scien- 
tific record of mining operations can be generally 
adopted, on a scale commensurate with the importance 
and utility of the undertaking. 

Among other causes which have retarded the pro^ 
gress of improvement in mining plans and sections, as 
well as other regular details of subterranean operations, 
the speculative and uncertain nature of mining is one 
of the principal. Lead mining, in particular, has been 
viewed so much as a mere lottery, as to induce a neg- 
lect of those regular accounts and other records which 
are found to be indispensable in other transactions^ 
But mining, though certainly speculative, is not 
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entirely the work of chance : in it, as in all other busU 
pess, he who classifies his accounts, and can at any 
time readily ascertain the exact sources of expenditure 
»nd income, who derives experience from the constant 
accumulation of facts, and can comprehend the whole 
extent and object of subterranean works, possesses 
very superior advantages over those who have no such 
data. The well-founded calculations of the one are, 
in the ordinary course of afiairs, much more likely to 
be attended with success than the vague and unsatis- 
factory speculations of the other, who (and experience 
daily testifies the fact) are often involved in difficulties 
that might have been easily avoided, and in expenses 
which need never to have been incurred. 

A reliance on chance^ instead of science, as the pre- 
siding genius of mining adventure, must, sooner or 
later, affect its own existence, by demonstrating that 
the singular instances of good fortune which some- 
times occur, bear a very small proportion to the nume- 
rous undertakings which, begun and continued without 
any means o/appreciating the employment of capital, 
and the condition of the works, end in disappointment, 
and create a highly-injurious prejudice against mining 
speculations. This prevailing idea of the uncertainty 
of mining adventures, and a consequent disregard of 
method in conducting them, are especially detrimental 
to the iuterests of those districts which chiefly depend 
on private adventure for the discovery of the mineral 
treasures they contain. The prospects of mining can- 
not, indeed, be reduced to certainty, but it is exceed- 
ingly desirable that all the details of conductinff it 
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^oukl be so. An intelligent system of this kind Would 
attdch to it a character of skill and method, for want 
of which it is much undervalued as a means of em- 
ploying capital, and an opening has been thus afforded 
to impositions which have greatly lessened the public 
confidence in such undertakings. Whatever tertds to 
increase a knowledge of the practical details and 
objects of mining, undoubtedly tends, in a very emi- 
nent degree, to promote its permanent interests. In 
prosperous times, many workings are opened out which 
must inevitably be closed on the first reverse. Under 
these circumstances, it is most desirable that a clear 
and accurate record should be preserved, in order 
that, on the return of prosperity, the abandoned work- 
ings may be again resumed. When it is considered 
that works which have cost many hundreds, or even 
thousands of pounds, may be delineated in a few hours, 
it is truly surprising that the advantages of mining 
records should have been so completely overlooked. 
On the other hand, during a depression of the mar- 
kets, there is the greater necessity for the adoption of 
every means to promote future economy, arid to pre* 
vent future waste. 

A residence of some years in the lead mining dis- 
tricts, an extensive practice in mineral surveying and 
planning in various parts of the kingdom, and repeated 
Conversations with many intelligent proprietors and 
agents of mines, led me, some years ago, to form 
these opinions of the value of, and increasing necessity 
for, accurate mining records ; and they have since 
been further confirmed by subsequent enquiry, and by 
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the judgment of those who, by a practical knowledgiSr 
added to long experience of mining, are best able to 
form a correct opinion on the subject. 

Since the production of the first geological maps, by 
the Board of Agriculture, in 1794, the progress of 
geology, as a popular science, has advanced such maps 
to a considerable degree of perfection. The transac- 
tions of various societies, and the publication of 
numerous plans and sections, have furnished many 
admirable examples of the interesting and beautiful 
manner in which the complicated details of geological 
structure can be rendered intelligible. This excellence, 
however, has not yet extended to mining plans, at 
least to any considerable extent. Most of these con- 
sist merely of outlines of the course of the principal 
workings, without any deUneation of the several strata, 
or of the relative produce of the works at different 
periods. Sectional plans, which are of great utility, 
are far from being general ; and I know of one esta- 
blishment only in which a regular series of them is 
preserved. A great source of imperfection in such 
plans is, the want of a uniform and practical mode of 
reducing the inequalities of hilly ground to a plain 
surface. Rules for doing this are learned by almost 
every school-boy, but either a difference in the practi- 
cal method of ascertaining and representing these 
inequalities, or a total disregard of them, is the frequent 
source of very material errors. 

Among other causes which contribute to the imper- 
fect state of mining plans may be mentioned the want 
of a popular treatise on the subject, which should 
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familiariy explain the mode of using different surveying 
ai\d drawing instruments, illustrate the principles of 
representing horizontal, vertical, and inclined planes, 
and point out the best way of taking the measurements 
required for each. Examples should be given of the 
best methods of representing the different parts of 
mines, and an attempt be made to fix on general cha- 
racters for that purpose. For want of such informa- 
tion, many miners, who can dial with accuracy, are at 
a loss how to represent on paper what they have 
measured ; and some fruitlessly attempt to lay down 
and connect horizontal and vertical objects on one 
orthographic plane. What on one plan represents an 
adit, on another represents a vein or dyke ; and such 
plans, therefore, for want of uniform modes of repre- 
senting similar objects, can never be of any general 
or permanent utility. That these and many other 
imperfections exist to a considerable extent, is well 
known to those conversant with the subject, and they 
are here alluded to as forming some apology for an 
attempt to propose any amendments. 

For the preservation of records of subterranean 
works, a strictly accurate plan of the district in which 
they are situated is essential. Owing to several causes, 
plans of mountainous countries have not in general 
been constructed with that extreme regard to accuracy, 
without which any inference as regards either geology 
or mining must be fallacious. The want of system in 
reducing hills to a plain surface, the uncertain weather 
and boisterous climate of such districts, so unfavour- 
able to the use of good instruments, and the neglect of 
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a very strict and indispensable regard to the variatioii 
of the magnetic needle, have all tended to occasion a 
great want of accuracy in plans of mines and of mine- 
ral districts. 

In these introductory remarks, it is proposed to 
offer a few practical suggestions on the subject of geo- 
logical and mining plans. Some of these have chiefly 
a reference to the lead mining districts ; and it may be 
observed, that in them a greater necessity for improve- 
ment exists than in the coal mines. The proprietors 
of lead • mines, in those districts which are open to 
public speculation, are a much more numerous body 
than the coal-owners ; and, from the comparative 
smallness of their shares, cannot take that immediate 
interest in them which is absolutely requisite in large 
collieries. The value of lead and copper ores, and 
the cost of their production, are so variable, that veini 
which at one time will not pay the expense of workings 
will at another amply recompense the adventurer ; 
and hence the greater necessity for preserving a faith- 
ful record of the condition and relative value of every 
vein. Coal mines require close and constant inspec- 
tion, and the several galleries of communication are 
usually kept under careful regulation until finally aban- 
doned j while the workings of lead mines are often 
abandoned for a period, suffered to decay, and again 
opened out for fresh trials. The viewers of coal mines 
usually keep regular working plans of the various 
workings, but, except in one instance, already alluded 
to, I have never met with any regularly-continued 
sectional plans of lead mines, though the utility of 
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them is manifest to those who are well acquainted with 
the nature and prospects of mining* As it is from 
this consideration that the present remarks are sug- 
gested, it may be desirable, in addition to the opinion 
of Werner, already quoted, to add the following testi- 
monies from authorities whose evidence is the best 
confirmation of what is here advanced on the subject. 
Concerning the lead mines, Mr. Taylor, of London, 
an eminent engineer, extensively engaged in mining, 
observes, in a report concerning the mineral district 
of Alston moor, which is placed under his superin- 
tendence, — 

" One thing I think of great importance, which is, 
that PERFECT RECORDS of what has been done in the 
pursuit of every vein on the estate should be preserv- 
ed ; and I would recommend, for this purpose, that in 
all future leases a clause should be introduced, to 
require the adventurers to keep sections and plans 
of all their workings ; and that the officers of the hos^ 
pital should have power to inspect and copy them at 
all times ; and it would follow, of course, that the moor 
master, or some competent person, should delineate 
these on a general plan, and preserve a collection of 
the sections of each mine." 

As regards the coal mining district, the following 
remarks, by Mr. Buddie, are equally conclusive as to 
the necessity which exists for improved methods of 
preserving subterranean records : — 

" It is obvious that many collieries which are now 
open will sooner or later be shut up, and lie dormant 
for various and indefinite periods — and the probability 
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is, that in many cases all knowledge of the dykes which 
intersect them may be lost, and that the parties having 
to re-open them may be as ignorant, or even more so, 
than those who first opened these mines. 

" It is not necessary that I should dwell on the 
extent of the loss of property and of lives which may 
result from such a state of things. My object is to 
draw the attention of the society,* and of the public, 
to the means of avoiding it. 

" Although the several dykes which have been met 
with in all the working collieries of the present day, 
are accurately represented on the working plans of 
these collieries, yet, from the detached and local nature 
of those plans, no general and accurate notion of their 
lines of direction, bondings, and throws, can be formed 
from such detached sources of information. Nothing 
can effect the object of gaining an accurate knowledge 
of this important feature in the geological structure of 
our district, but the construction of a map of it, laid 
down from actual survey, on which all the dykes that 
have yet been discovered shall be correctly represent- 
ed. This map to be accompanied by a book of sec- 
tions, showing the throws of the dykes in every part of 
the district. The promotion of such an undertaking 
is worthy of the most serious and prompt consideration 
of the society, as well as of the patronage of the 
landed and mining proprietors of the country.'* 

* Natural History Society of Northumberland^ Durham, and 
Newcastle upon Tyne> at which society the paper from whence this 
extract was made^ was read December 20tb, 1830^ and has since 
been published in Volume I. of the Transactions. 
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It would be easy to multiply testimonies of this 
kind, but the general facts of the present imperfect 
state of mining plans and records, and the great utility 
of their being improved, are generally admitted. It is 
equally certain, that notwithstanding the frequent and 
earnest appeals of the very highest practical, as well as 
scientific, authorities, little has been done towards ef- 
fecting any material amendment in this department of 
science. One of the objects of this work is to eluci- 
date a particular mode of projection which has not 
hitherto been generally practised, and, indeed, is 
scarcely at all known in the districts of which I treat ; 
and this precludes any lengthened details on mining 
plans, &c. as commonly constructed. But assuming 
that the period is ^not far distant when an improved 
and scientific record of subterranean operations will be 
deemed indispensable, and as isometrical drawing is 
only one among many improvements, it may be de- 
sirable to offer some general observations on the sub- 
ject ; and in so doing I shall, for the sake of clearness, 
and for greater facility of reference, arrange these ob- 
servations under separate heads, as follow : — 

I. COLLECTION OF EXISTING DATA. 

II. GEOLOGICAL SURVEYS. 

III. GEOLOGICAL PLANS AND SECTIONS. 

IV. PRESERVATION OF MINING PLANS AND RE- 
CORDS. 

V. STATISTICAL AND GEOLOGICAL SURVEY AND MAP 
OF ENGLAND ; 

And, in the subsequent portion of the work, proceed 
to illustrate the application of isometrical drawing to 
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this and other departments of planning, as well as to 
landscape, architectural, and mechanical subjects. 

The first and most obvious step towards improve- 
ment in mining records is, to collect and arrange, with 
a view to its permanent preservation, all the know^ 
ledge that can be derived from existing plans and 
details of subterranean works. Many plans of col- 
lieries and lead mines are sufficiently intelligible to the 
viewers or surveyors who have constructed or are 
^miliar with them ; but different modes of represent- 
ing similar objects, vague and indefinite descriptions, 
or a total absence of writing or lettering, and the 
want of connection with the true meridian or some 
permanent objects, with other similar hnperfections, 
render such plans much less valuable and important as 
records, than they would be if constructed with a rigid 
and undeviating regard to these particulars. It would 
be well if uniformity of scale and conventional signs 
could be generally adopted for plans and sections in 
the • respective mining districts- Such uniformity 
would be a most important point gained, towards ob- 
taining that " knowledge of our subterranean wealth,^ 
which an eminent authority has justly observed, "would 
be the means of furnishing greater opulence to the 
country, than the acquisition of the mines of Mexico 
and Peru/* 

An arrangement of this kind would be found to 
possess important advantages, even as regards the usual 
working plans of mines ; but in some of the following 
sections of this essay, still further inducements to such 
cmiformity will appear, and which are submitted as 
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having strong claims to the attention of the proprietors 
and conductors of mining establishments. It affords 
me sincere pleasure to state, that these and other prac- 
tical suggestions which occur in the present work, 
relative to geological surveys and plans, have the full 
concurrence and approval of the experienced miner to 
whom this work is inscribed. In submitting them to 
Mr. Buddie's consideration, I found myself anticipated 
in some of them, by that gentleman's sound knowledge 
and long experience of practical mining, and from the 
prosecution of which his important and incessant avo- 
cations had alone deterred him. And smce in all 
recommendations which involve a departure from es- 
tablished usage, a shadow of doubt may reasonably 
attach, especially in the minds of those who are not 
fully a)nversant with details, it is necessary to add, that 
the subject in question has not only occupied a large 
share of attention as immediately connected with my 
profession, but that my opinions have ever been in 
abeyance to the full and impartial information which I 
have had many opportunities of gaining in various 
mming districts. 

The large and unwieldy rolls of paper on which the 
workings of collieries and mineral veins are often pro- 
jected, might, I conceive, except in a few particular 
instances, be entirely dispensed with. Such plans, 
and the same applies to plans of estates, soon be- 
come so cracked and defaced, as greatly to impair the 
clearness and accuracy of the delineations, while their 
bulk militates against that frequent inspection and 
continuation of them, which would be readily effected 
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on plans of less magnitude. So far as my own obser- 
vation of subterranean plans and sections extends, I 
am of opinion that imperial drawing paper is suffi- 
ciently large for preserving a clear and methodical 
series of working and other plans, and that, with a few 
occasional exceptions, all mining plans and sections 
might be delineated in squares of SO inches, forming 
a superficial area of 400 square inches ; or when una- 
voidably larger, in duplicates or quadruples of that 
area. 

« 

Fig. 1, plate I., represents the relative proportion 
of a square of SO inches on a page of imperial drawing 
paper ; an inch margin is left at the top and bottom, 3 
inches at one end for binding a series of plans into a 
volume, leaving at the other end a margin of one inch, 
and a column 5 inches wide for the insertion of those 
written descriptions, scales, title, references, and other 
explanations, which will form a material feature of any 
improved system of plans, and with which the plan 
itself ought to be encumbered as little as possible. 

The scales of geological and mining maps, so far as 
practical utility in any particular district is concerned, 
may be considered as varying from 2 miles to an inch 
to 1 chain to an inch. On the former, which is suited 
to the representation of a large tract of country, the 
square of 20 inches would represent a district 40 miles 
square, including an area of 1600 square miles ; while 
on the latter scale, which is the largest in common 
use, the same space would include a portion of land 
a quarter of a mile square, or a superficial area of forty 
acres. The following are the intermediate scales most 
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commonly adopted, with the area in miles, acres, roods, 
and perches, represented by one square inch, and by 
the entire square of 20 inches, according to the several 
scales. 

The first column of numbers refers to Plate II., o« 
which the several scales are delineated. The second 
column shows the number of chains or miles supposed 
to be represented by one inch in length according to 
the scale ; and it is from this assumed proportion to an 
inch that the value of the respective scales are usually 
designated ; thus No. 1 is a scale of one chain to an 
inch. No. 4 is a scale of four chains to an inch. No. 8 
is a scale of ten chains to an inch, and No. 12 is 
a scale of two miles to an inch. The third column 
exhibits the area represented by one square inch accord- 
ing to the scale ; thus, in a plan drawn to a scale of one 
chain to an inch, each square inch on the plan repre- 
sents an area of sixteen perches; on a scale often chains 
to an inch, each square inch is equivalent to an area of 
ten acres ; and on the scale of No. 12, or two miles to 
an inch, each square inch on the plan covers an area of 
four square miles. It is of great importance to keep 
in view this relative value of the different scales, as 
regards area as well as length, and I have, in some 
instances, adopted a method of delineating equal 
squares over the whole of extensive plans, for the pur- 
pose of facilitating a correct appreciation of this com- 
parative value. The fourth column gives the lineal 
extent represented by the side of a square of twenty 
inches ; and the fifth column shows the area which 
such a square of twenty inches comprehends : thus, on 
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a scale of 8 chains to an inch, each side of a plan 20 
inches square will represent a lineal extent of two 
miles, and the plan itself will comprise 4 square miles. 

ONE INCH ONE Sa0ARE INCH 20 INCHES 20 IN. SQ. 

EQUAL TO EQUAL TO EQUAL TO EQUAL TO 

WO. CHAINS. MILKl. A. R* P. MILI8. MILKI. 

1 1 • .. 16 - J . -625 

2 2 - .. 1 24 . } - -25 

3 3 - .. 3 24 . } . -5625 

4 4 ... 1 2 16 - 1 - 1- 

5 6^ . .. 2 2 . U . 1-5625 

6 6 . .. 3 2 16 - If - 2-25 

7 8 ... 6 1 24 . 2 . 4- 

8 10 . .. 10 - 2i . 6-25 

xiLxa. 

9 i . .. 40 - 5 - 25- 

10 i . J - 10 - 100: 

11 1 - 1 - 20 - 400- 

12 2 . 4 . 40 . 1600- 



The comparative size of objects on plans, according 
to the respective scales, is frequently neglected. In 
some instances, and especially in very small scales, it 
is necessary to enlarge certain objects, as houses, 
roads, adits, &c., in order to render them clearly dis- 
cernible ; but when the scale exceeds 10 chains to an 
inch, the strictest regard should be paid to the com- 
parative magnitude of objects. As a suitable accom- 
paniment to this table, and for the better illustration 
of the value of each scale, representations are given in 
Plate II. of the following objects projected on the 
above scales : — 
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An adit or level, 5 feet wide. 

A shaft, 10 feet in diameter. 

Coal works, viz.-, winning headway 2 yards wide, 
boards 4 yards wide, pillars 8 yards by 20 
yards, and thirlings or walls 2 yards wide. 

A road, 40 feet wide. 

A lane, 20 feet wide. 

A house, 40 feet long by 20 feet wide. 

Plantation. 

The squares on which these are drawn represent 
areas of one square acre, numbered according to the 
preceding table, and the several objects are distinguish- 
ed by their respective names annexed to each on the 
squares from No. 1 to No. 5 ; the same objects will be 
readily distinguished on the lesser scales by their re- 
lative position on the squares from No. 6 to No. 
10. When the scale is so small as Nos. 11 and 12, it 
is scarcely possible to make a map clear and distinct 
without enlarging several of the objects ; hence it will 
be seen that in county maps, the roads^ houses, &c., 
are drawn much larger than the true proportion they 
bear to the scale. 

Before constructing any sections or plans, the 
scale ought to be very carefully considered, for on a 
proper selection of this, the clearness and beauty of 
plans greatly depend. As this selection, especi- 
ally in surveys of roads, estates, pleasure grounds, &c., 
is often referred to persons who are not practically con- 
versant with such details, it may be useful to add a 
few remarks concerning the scales which are most 

suitable for such plans. 

c2 
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One chain to an inch. — This may be considered 
as the largest scale used in plans of land, roads, and 
mines, and is adopted only when ihey are very limited 
in extent, or when great clearness and accuracy are re- 
quired. By the preceding table it may be seen, that 
by this scale a plan 20 inches square includes an 
area of 40 acres, and the quadruple of this, forming a 
plan of 3 feet 4 inches square, would consequently 
represent an area of 160 acres. For plans of valuable 
building ground, and for portions of roads, mines, &c., 
to be produced as evidence, &c., this scale is very 
proper, as it affords space for very clear illustration, 
both by ornamental drawing, and writing. For plans 
of large gardens, pleasure grounds, and the several 
buildings thereon, the scale of 1 chain to an inch is 
very, suitable. The square A B C D, Plate II., re- 
presents a square acre on this scale, with the several 
above-named objects drawn on it, in their respective 
proportions. The walls and apartments of a house 
may be represented on this scale, and the several plots 
and divisions of gardens and lawns, together with trees, 
hedges, &c., may be finished, so as to have a good 
pictorial effect. Adjoining 'this square, at A E F, is 
a delineation of coal workings on this scale ; but it is 
very rarely that any occasion exists for their being 
plotted on so large a scale. 

Two CHAINS TO an INCH.— This is a very clear 
and expressive scale for land, where the extent is not 
such as to render a plan unwieldy. Where the area 
is less than five or six hundred acres, it may be adopt- 
ed, especially if great accuracy and frequent reference 
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for measuring distances, &c., are required ; but for 
general use, half this scale combines sufficient clear- 
ness, and is four times as portable. The scale of 2 
chains to an inch is very commonly used for the work- 
ing plans of collieries and lead mines, and is the least 
scale by which section? can be projected to be useful 
for practical purposes. The plan and fieetion, Plate 
III., are projected on this scale, which renders the 
profile of the ground sufficiently clear, without any in- 
crease of the vertical scale. For working sections of 
roads, railways, &c., this horizontal scale, with a verti- 
cal scale of 20 feet to an inch, is sufficiently large. 

Three chains to an inch is a scale, which in 
surveying and planning upwards of a hundred thou- 
sand acres of land, I have never once used. When 
the scale of two chains has been considered too iarge, 
I have always thought it desirable, if possible, to adopt 
that of 

Four Chains to an inch. This is much used for 
plans of estates, and exhibits the several fields, roads, 
houses, &c., with sufficient accuracy for general pur- 
poses of reference.* It is also frequently adopted for 
mineral plans, and though, with care in the plotting 
of them, subterranean operations may be so clearly 

* Since the above remarks were written, in the first edition of 
this work> the comparative merit of the scales of three and four 
<;hains to an inch has been a subject of attention with the- com- 
missioners for the commutation of tithes. The intelligent and expe- 
rienced assistant-commissioner, Lieut. Dawson, "who advised that 
board, gives a preference to the larger scale of three chains to an 
Inch. 

C 3 
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and distinctly defined by it as to give sufficient data 
for a permanent record, yet it is more suitable for a 
plan of a mineral district, than of the several workings 
of a particular mine. 

This scale is the most valuable of any for combining 
clearness and minuteness of detail, with a considerable 
area ; a plan of 20 inches square being equivalent to 
one square mile, and the moderate size of 3 ft. 4 in. 
square representing four square miles, or 2560 statute 
acres. It is also valuable for the ease with which it 
may be reduced or enlarged, twice this scale being the 
largest commonly used for working plans of mineral 
ground, and half of it corresponding with the scale of 
10 inches to a mile, which is very suitable for large 
districts, and for working plans of roads ; while the 
half of this, or 5 in. to a mile, is a scale much used 
for parliamentary plans of extensive roads, railways, 
&c. This facility of enlargement or reduction is of 
great consequence, and will be still more so whenever 
any regular and methodical system of recording mining 
operations shall be generally adopted. 

Of lesser scales than those here described, a com- 
parative idea may be formed from the plate. With 
care, a scale so small as 16 or even 32 chains to an 
inch, may be employed for small plans of estates. In 
preserving plans of estates and farms in a book, it is 
desirable to adhere as much as possible to one scale j 
for the eye, deceived by the relative appearance of 
plans of difierent scales, is apt to form either very 
vague, or very incorrect ideas of their true propor- 
tions : 32 chains per inch will include an estate of 
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800 or 1000 acres on an octavo page, and a fann of 
2 or 3 hundred acres may be very clearly delineated 
on a similar page, by a scale of 16 chains per inch. 
Specimens of plans drawn to these respective scales, 
are annexed, by way of illustration as to the clearness 
of delineation which they admit of. Plate I V. repre- 
sents an estate of nearly a thousand acres of land 
plotted to a scale of thirty-two chains to an inch. 
The strong lines indicate the boundaries of each farm, 
and the shading represents a bold and picturesque emi- 
nence called Shaftoe Crag. It will be seen, by this 
specimen, that the principal agricultural features of 
a district may be very clearly exhibited, even on this 
small scale. A plan of twenty inches square on this 
scale, would comprise an area of sixty-four square 
miles, each side of the square being 8 miles in length. 
One of the farms on this estate is represented in Plate 
V. enlarged to double the scale of Plate IV., viz., 
to sixteen chains to an inch, or five inches to a mile. 
A plan of twenty inches square on this scale, would 
comprise sixteen square miles. 

The following arp the scales which might be gene- 
rally adopted for mineral plans, and which would admit 
of easy reference from one to another, in the enlarge- 
ment or reduction which must often be required in 
preserving mining plans. The table in page 18, 
showing the areas included by the respective scales, 
affords a ready means of judging what scale is best 
adapted for any particular object, so as to be included 
in the dimensions suggested at page 16. 

GENERAL PLAN OF A MINING DISTRICT, showiug 
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not only the property, &c., immediately connected 
with any mine, but also a considerable extent of coun- 
try around it : 8, 16, or 32 cTiains to an inch^ accord- 
ing to the required area of land, and also to the adoption 
of the square of 20 inches, or the duplicate or quad- 
ruple of it, for the size of the plan. 

PLAN OF COLLIERIES AND MINERAL VEINS, With 

surface objects in detail, and general plans of the 
principal subterranean operations, 4 chains to an inch. 

WORKING PLANS AND SECTIONS OF MINES, 2 chainS 

to an inch. 

OCCASIONAL SECTIONS IN DETAIL, showiug miuute 

workings or strata, &c., 1 chain to an inch. 

Next to uniform scalesj the adoption of common 
conventional signs is of the greatest consequence. 
These vary in different parts of the kingdom, owing to 
different strata, modes of working, &c. ; but it is well 
worthy of the attention of land and mine owners, to 
effect uniformity of plans and sections j the value of 
which, as an index to, and record of mineral property, 
would be exceedingly great. The owners, ^nd all 
other persons interested in such property, would thus 
be able to gain a clear understanding of the plans of 
them. Engineers or viewers from a distance,, could 
readily form an exact idea of the nature and extent of 
the several workings ; each new manager would at 
once become acquainted with what had formerly been 
done, while successive generations would profit by 
invaluable stores of information, and would thus trans- 
mit, from age to age, legible records of a subterranean 
world of wealths 
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Plans of mines, for practical purposes, are construct- 
ed from time to time in all large mining establish- 
ments. That the importance of preserving these 
should be not only admitted, but strongly urged, by 
the very best authorities, and that no regular system 
of doing so has hitherto obtained, are matters which 
it is diflScult to reconcile. Plans after plans have been 
lost or destroyed, which, if now in existence, would 
be of infinite value, and which might have been pre- 
served at an expense mfinitely short of any thing like 
commensurate with the value of possessing such data 
concerning the mineral wealth of a district. An in- 
telligent mining director has informed me, that plans 
and sections of the old workings in a district under 
his management, would have saved many thousand 
pounds ; and such, from the causes already mentioned, 
must ever be the result of neglecting this important 
department of practical mining. 

An indifference to what is no less matter of private 
and commercial interest than of public duty, is pro- 
bably destined not to continue in an age when the 
minutest branches of science and natural history are 
deemed worthy of arduous and persevering pursuit, 
of costly publicatiohs, and of promotion by public 
societies and subscriptions. Botany and ornitho- 
logy have, in particulair, been rendered delightful 
objects of general interest and admiration ; and geo- 
logy, as a science, has also made rapid advances 
in public favour. But those minute practical de- 
tails, from which alone any important benefit or 
solid information can be derived, are considered by 
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many as devoid of interest, and useful only in the 
private office of mining agents. Geology and mine- 
ralogy afford a wide field of investigation and enquiry, 
and collections of accurate plans, sections, and draw-> 
ings, form the surest guides to the study of them ; 
they are the alphabet by which the hidden and myste- 
rious structure of the earth is unfolded to our view ; 
and, if properly arranged and presenred, will in time 
form a language not only intelligible and interesting 
as a subject of general information, but also as an im- 
portant auxiliary to practical mining. The same 
Wisdom that formed the smiUng landscape, and the 
lofty mountain, formed also the subterranean founda- 
tion on which they rest. Nor is the one less worthy 
of enquiry and admiration than the others. Those 
who admire the gay plumage of the bird, or the attrac- 
tive beauties of the garden, will find, in geological 
structure and in mineral treasures, fresh objects of 
beauty and variety, the study of which has an additional 
claim on attention, by its connection with local and 
national prosperity, as well as with the interests of 
humanity, which are dear to every breast. 



GEOLOGICAL SURVEYS. 



In surveys of mineral districts, there are two things 
which require particular attention. The first is a 
knowledge of the true meridian, the other is a reduc- 
tion of the undulations of surface, or hypothenusal 
lines, to a horizontal base. Great difficulty and con- 
fusion are often created by inattention to these most 
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essential points in surveys for purposes of practi- 
cal mining. Many old plans are rendered almost 
entirely useless for want of a true meridian on them, 
and the necessity of a careful regard to the latter ap- 
pears from the following illustration : — 

Suppose a line to be measured for about two miles 
and a half in length, over a summit of 500 feet, and 
the angles of inchnation (such as commonly occur, 
especially in mining districts) to be as follows : — 
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The error arising from this example (which occurs on 
Whitley Fell, in Northumberland) is 120 feet 6 inches, 
or, by a working scale of 2 chains to an inch, an error 
on the plan of nearly one inch, which, in subterranean 
works, might cause serious inconvenience, and, under 
some circumstances, occasion even fatal results. 

In every mining district it is most desirable that all 
difficulty in ascertaining the true meridian should 
be at once removed by the erection of two or more 
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conspicuous objects, placed exactly on a meridian line, 
\fhicb, after being projected with the most rigid ac- 
curacy, would remain as a permanent reference. 
Some prominent objects already existing might, in some 
cases, be selected ; such, for instance, as a lofty spire 
or column which is visible from a great portion of the 
adjacent districts. This measure is indispensably 
necessary before any general system of preserving 
mineral plans can be adopted with that accuracy which 
would alone render them of value as a record from 
year to year, and from age to age. This is the very 
least that can be done to facilitate improvement in geo- 
logical surveys ; but it would be a work of infinite ad- 
vantage to the prosperity of mining countries to have 

MERIDIAN LINES CAREFULLY SET OUT AT DISTANCES 
OF ONE MILE FROM EACH OTHER, AND TALL POSTS 
OR CURROCHS PLACED ON THESE MERIDIAN LINES 

AT EVERY MILE IN LENGTH, the uudulatiug surface 
of the country being truly reduced to a horizontal base, 
so that these posts or stations should indicate squares 
of exactly one horizontal square mile. When rivers 
or other objects occur to prevent such posts being 
€rected, the proper situation of them might be indi- 
cated by three or four marks placed at equal distances 
from them. The most important part of a district 
might be thus divided into square miles, and any one 
of these lines could at any time be continued in north, 
south, east, or west directions, so as to make a con- 
nection with other parts of the district. 

This suggestion may appear novel, and perhaps 
savour more of theory than practice to many ; but if 
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acted upon, it would indisputably furnish a most per?- 
feet and invaluable basis for mineral surveys ; and I 
am fully persuaded, that the advantages would immea- 
surably exceed any expense attending the adoption of 
such a plan. The course of veins and dykes could 
then be delineated through the several portions of a 
district with a degree of accuracy which can never be 
gained without such a basis. Even for surface plans 
these stations would be of great utility; and when an 
exact survey of one of these square miles was com- 
pleted, all existing plans of the mines, &c. beneath it 
could be delineated on one or more copies of the 
plan, according as different seams of coal, or different 
randoms of vein workings might require, and all 
future surveys could be plotted exactly in their relative 
position to the former plans. 

An infallible test of the accuracy of plans would thus 
be obtained, and subterranean plans might be relied 
on with a degree of certainty which is now unthought 
of ; which is unattainable without some means of easy 
and constant reference, such as is here suggested, and 
which must inevitably be more required as mines be- 
come deeper and more expensive to work. 

The undulation of surface being truly reduced to a 
horizontal base in setting out these stations, it follows, 
that in all future surveys, the same must either be 
either carefully attended to, or the error will soon ap- 
pear. The method commonly recommended for mak- 
ing this reduction, is to allow so njany links to each 
chain, by pulling it forward before measuring the next 
chain length. This is attended with much iuconve- 
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nience, especially where frequent off-sets or dimensions 
are required. I have found the following mode much 
more useful for delineating plans of hilly ground, viz. : 
to mark the several angles of inclination in the field 
book, measuring the inclined the same as a plain sur- 
face, that is, without making any reduction of links 
from each chain, as commonly practised. Then, in 
plotting the line, these angles of inclination are first to 
be set off* by a protractor, and the several lengths 
drawn according to their respective incUnations, with 
the position of the several fences, houses, or other 
objects. This will form a profile of the country, from 
which the horizontal distances may be transferred by 
perpendicular lines let fall upon the original horizon- 
tal base line, which may be done with great ease and 
facility by means of the German parallel ruler, the 
use of which will be more particularly explained in 
describing the projection of surveys by isometrical 
drawing. 

This method saves a great deal of time in the sur- 
vey, and preserves not only a profile or section of the 
surface, but also the relative position of the several 
walls, &c. on it ; and all such sections ought to be 
carefully preserved, especially when isometrical plans 
are adopted. 



GEOLOGICAL PLANS AND SECTIONS. 

Geological plans may be divided into three classes : 
the first comprising popular plans of a kingdom ; of a 
district, such as the north of England, the county of 
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Cornwall, or any considerable tract of country. These 
must of necessity be delineated on a small scale, but 
however small the scale may be, too much regard can- 
not be had to minute and exact delienations of the 
objects represented thereon. - Of such maps, and of the 
construction and publication thereof, I shall have occa- 
sion to speak more particularly in a following section, 
relative to a statistical and geological map of England. 

The second class are those plans of a mining dis- 
trict which have greater pretensions to accuracy than 
the first class, being on a clear and distinct scale, 
and constructed either from actual survey or accurate 
plans ; these form a medium between the first class 
and the large working plans of mines. It is such 
intermediate plans that are best adapted for an arcana 
of geological and mining records, combining porta- 
biUty with tolerably-accurate details. The third class 
consists of the large working plans and sections of 
mines. 

The plan of a mining district should contain no ob- 
jects but what are carefully laid down from actual ad- 
measurement. These, on the surface, should be 
confined to the station currochs, with other prominent 
objects, especially on high lands ; the position of shafts 
or other entrances to mines, the exact situation of 
every external indication of dykes, veins, and of the 
principal strata, and such rivers, fences, &c., as may 
be sufficient guides for ascertaining the relative posi- 
tion of the subterranean works ; the lesser divisions of 
property, as fields, &c., being delineated on a plan of 
the surface only. The whole of the lines surveyed> 
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however irregular the surface, should be projected on 
a true horizontal plane, without which all attempts to 
connect their position with the underground workings 
must be in vain. 

A rigidly-accurate map of a whole district must ne- 
cessarily be a wprk of considerable labour and expense, 
and would also require a long time for its execution in 
so minute a way as is here suggested ; but by means 
of the simple expedient of station currochs on meridian 
lineSy any survey, however limited, would, by this con- 
nection with such stations, form materials which could, 
at any time, be laid down in the true relative positions, 
and after successive surveys had formed a skeleton 
plan of a district, the intervening spaces could be 
filled in at leisure, or be deemed worthy of a survey to 
complete the district. 

On such plans, not only a ground plan of each col- 
liery or mine should be dehneated, but sections of the 
several strata and workings should also be annexed. 
It is very usual to add, on the plans and sections now 
commonly made, many supposititious hues of strata, 
the course of mineral veins, &c., which, with neat 
drawing and lettering, render them more intelligible 
than a purely scientific plan would be. In plate VI. 
the representation is strictly limited to actual admear 
surements. Supposed lines of strata, &c., are merely 
indicated by faint dotted lines, and small letters of 
reference are added, which, by occupying little space, 
render the plan more clear for the dehneation of the 
workings. 

The plans and sections of Silver Band, and part of 
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Hudgill Cross Vein Mines, Plates III and VI, are 
submitted as examples of the manner in which the 
workings of lead mines are represented. The scale 
is 2 chains to an inch, and the following practical de- 
tails for constructing such plans may be useful to 
many readers who are engaged in mining pursuits. 

Large brass circular protractors, and feather-edged 
ivory scales, should be used for projecting the princi- 
pal bearings and dimensions, — the paper should be the 
best hard drawing paper, and should on no account be 
damped for the purpose of stretching, nor should any 
plan be stretched on canvas after it is drawn. If plans 
are required on canvas, the paper should be mounted, 
and very carefully dried before the' plan is begun, in 
order that the contraction in drying may not alter the 
lines. Very good pencils may be had of respectable 
stationers for 6 or 7s. per dozen ; the degree of hard* 
ness commonly marked H H suits well for planning, 
and bears a fine point. Short lines should be drawn with 
an ivory rule, or with German parallel rules, a dexter- 
ous application of which will be found greatly to faci- 
litate the construction of plans. Rulers for long lines 
should be made of hard and plain Spanish mahogany, 
with a fiducial edge, the perfect straightness of which 
should be carefully ascertained before using them^ 
This is best done by drawing a line along the edge of 
the ruler very steadily with a finely-pointed pencil, then 
laying the ruler on the other side of the line, with the 
extremities exactly upon it, and drawing a line in the 
same manner ; if the ruler is true, these lines of course 
will exactly coincide, but if it is round or hollow in the 

D 



34 MINING PLANS AND SURVEYS-. 

slightest degree, the defect is made evident, the dis- 
tance between the two lines being double the amount 
ef the convexity or concavity. 

The greatest care should be taken to clean steel 
drawing pens every time they are laid away, and com- 
mon ink should never be used in them. Deep and 
permanent inks^ of different colours, would be a valu- 
able acquisition for mining plans, but for which the best 
substitute is a solution of the cake colours, as required^ 
Inks, or deep liquid colours, would have the advantage 
of a uniform tint ; and the same, of course, applies to 
liquid colours for plans generally. The most useful 
colours for plans and sections are as follow : — 

For surface boundaries, levels, and subterranean 
workings. Madder or crimson Lake, Indigo, Prussian 
blue. Cobalt, Purple, Chrome yellow, Gamboge, 
Burnt Italian Earth, Indian red, Burnt Umber, Cologne 
Earth, Burnt Sienna. 

On sections, the subterranean works may be colour- 
ed the same as the workings on the corresponding 
ground plan, thus increasing the clearness of reference 
from one to the other ; and strata may be distinguished 
by such different colours, as may be thought to be most 
suitable for the strata of each particular mining district. 
Thus Alluvial deposits might be tinted with a light shade 
of Sepia. Diluvium by a darker tint of the same colour, 
with some small spots. Strata of an Argillaceous 
nature may be coloured with what artists know by the 
name of Neutral tint. Roman ochre would be a suit- 
able colour for Silicious strata. Prussian blue for 
Calcareous strata. Purple for Basalt, &c., — the object 
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Jbeing, not to imitate the particular colour of any of 
these strata, but to fix on such definite colours as 
shall at once indicate the mineralogical character of 
each. 

A little prepared ox-gall used with the colours dis- 
tributes them more evenly on the paper, and prevents 
the difficulty which often arises from the smoothness 
or greasiness of its surface ; but it is almost impossible 
to use it too sparingly. 

Neat and distinct lettering is very essential in all 
plans, and p£u*ticularly so in subterranean plans and 
sections. In order to acquire skill and facility of exe- 
cution in this department, I would recommend young 
men studying the profession to follow a method which 
I adopted for a few years with great advantage. This 
was the keeping of a brief diary of time employed at 
different surveys, plans, &c., in Roman letters, and by 
this daily practice, I was soon enabled to print (as it 
is often called) manuscript lettering of any kind with 
great ease and quickness. A practice of this kind will 
be found amply to repay any one who will diligently 
persevere in itr 

As the lettering is of great consequence in such, 
plans as are intended to be preserved, two things may 
be observed, 1st, that the explanation by letters should 
be full and expHcit ; and 2nd, that it should not be 
crowded on the plan or section so as to obscure any 
of the workings. Both tliese advantages may be 
effected by the use of figures, referring to an explana- 
tion at one side of the plan. 

The most material use of mining plans is, to show 

d2 
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the exact extent and situation of the several workings, 
whether in coal seams or mineral veins. No. 1, 
Plate VII, represents a mode of delineating coal 
workings j and No. 2, on the same plate, represents 
the workings of lead mines by means of pen and ink 
dots and strokes. I have suggested these, in prefer- 
ence to colours, as being more readily made, less 
liable to fade, and admitting of greater variety in 
expressing different degrees of productiveness. Thus 
the dot^ at A denote an excavation where no ere has 
been obtained ; the small strokes at B, where small 
quantities of ore have been procured, but insuflScient 
to pay the expense of working j the crossed small 
strokes at C, where the vein has been idUrahly profit^ 
able ; and the thick irvtersectifng lines at D, where it 
has been exceedingly rich. The distinction between 
a tolerably-productive and very rich vein should be 
fixed at a certain rate per ton, according to the times» 
and this rate should be inserted on the plan. Small 
figures or references might also denote the working 
price of such parts of mines as are left with ore in j 
and thus correct information might be preserved of 
many details which are now buried in oblivion, and 
remain as much the objects of blind adventure as if 
they had never been explored* 

With such plans, books of reference should also be 
preserved, containing general information conceming^ 
the history, progress, and productiveness of each 
mine, quality of coals in different seams, &c. j and in 
mines generally might be inserted, at stated periods, 
the number of men employed, the progress of the 
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works in each stratum, and at what cost ; the quan- 
tity of ore raised, with the situation and price of 
raising it, and the condition of the roof, sole, and 
forehead of vein workings, which latter might be 
expressed in small columns, by shaded lines drawn 
with a pen, the same as on the plans. 
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Having already observed that plans of such a size 
as to bind into volumes may, by a proper arrange- 
ment, be made sufficiently clear and distinct for most 
purposes ; it remains a matter for consideration with 
the proprietors and directors of mines how far the 
suggestion is applicable to their respective works. 
The subject is referred, with deference, to the judg- 
ment and experience of gentlemen engaged in mines ; 
but in order more fully to explain the system which I 
conceive is, in a great measure, capable of adoption 
in plans of this description, I will illustrate it by the 
following example and accompanying remarks. 

Suppose the underground workings of a colliery 

extend over an area included in ^ two miles in length, 

and two in breadth. A working plan of these, 2 

chains to an inch, would be nearly 7 feot square, or on 

the less scale of 4 chains to an inch, the entire plan 

would be 3j feet square. Now, a general plan of this 

extent, reduced so as not to exceed 20 in. square, 

would be on a scale of 8 chains to an inch, by which 

the boundaries of manors and estates, with fields, 

roads, and the principal subterranean workings, could 

v3 
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be clearfy drawn. Each side of this plan might be 
divided into four equal parts, which being connected 
by lines from side to side, would divide the whole into 
16 squares, which might be represented in a series of 
plans 20 inches square, following the general one, and 
these would be ^n a scale of 2 chains to an inch. 
The relative situation of the workings would be ren- 
dered clearly intelligible by the first or general plan, 
and the workings in detail might be neatly and accu- 
rately laid down on the larger ones, which, having 
numbers of reference to the general plan, any required 
part of the mine could readily be found. This method 
of keeping plans would be peculiarly adapted to 
geological surveys, by means of meridian lines project- 
ed on the surface. Four of these working plan^ 
would complete one square mile, and might at any 
time be reduced and transferred to a geological map 
of the district. 

AnothiBT advantage of such plans is the following :-^ 
It often happens that workings are to be represented 
which lie either under or above other workings already 
delineated on a plan. Where such instances occur, the 
20 inch plan could easily be copied on similar square^ 
and the several workings represented with great faci- 
lities of reference both to the general map and to the 
other working plans of the same portion of the mine. 

I have already referred to the cracked, defaced, and 
soiled appearancQ of large plans ; the colours become 
faded, and the writing illegible, by the constant wear 
and tear to which they are exposed while plotting new 
workings upon them j and even the tension of the 
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paper, by long use and frequent rolling, is no incon- 
-siderable hindrance to the accuracy of them. ; Besides, 
if any one will attempt to draw a square of only 20 
inches extent, arid then submit the angles, diagonalsj 
and other dimensions, to a strict mathematical scrutiny, 
it will be found a work of greater difficulty, and re- 
quiring a nicer exactness, than is commonly supposed • 
and hence it may be inferred, how very liable large 
plans are to imperfections arising out of the ordinary 
obstacles to correct delineation. Few persons can 
form any adequate conception how difficult a task it is 
to measure a straight line over a tract of country ; and 
if ever mathematical stations be projected in mining 
districts, it will be found no easy task to project theiri 
with corresponding accuracy on paper. 

The following remarks on the practical difficulties 
of geometrical drawing, are from " Adani's Graphical 
Essays,** a work which cannot be too highly recom- 
mended as a useful and most intelligent guide to many 
subjects connected with mathematical instruments arid 
surveying. 

" The drawing of a straight line, which occurs in 
all geometrical operations, and which in theory is con- 
ceived as easy to be effected, is in practice attended 
cwith considerable difficulties." — ** If the two points be 
very fair distant, it is almost impossible to draw the 
line with accuracy and exactness ; a circular line may 
be described more easily and more exactly than a 
straight or any other line, though even then many 
difficulties occur. 

" Let tio one considw these rieflections as the eflFeet 
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of too scrupulous exactness, or an unnecessary aim at 
precision j for as the foundation of all our knowledge 
in geography, navigation, . and astronomy, is built on 
observation, and all observations are made with instru- 
ments, it follows, that the truth of the observations, 
and the accuracy of the deductions therefrom, will 
principally depend on the exactness with which the 
instruments are made and divided; and that these 
sciences will advance in proportion as those are less 
difficult in their use, and more perfect in the perform- 
ance of their respective operations.** 

Whether, for such projection, lines of longitude, or 
lines parallel to a meridian in the centre of a district, 
would be preferable, requires consideration ; but in 
either case it would be useful to adopt one of the 
following means of obtaining a correct basis for the 
delineation of plans : — 

Engraved borders, exactly representing areas coin- 
ciding with those of surface stations, and having scales 
of miles, chains, yards, and feet engraved on the side 
column, as in Fig. 1, Plate I, in which column also 
might be engraved, a title, with blanks, thus — " No. 

— ^ Plan of ^ belonging to > 

drawn (date) from (actual survey, or former plans) by 

i under the superintendence of .** 

Then, after the scales, might be engraved explanations 
of signs and colours used, and faint lines for sundry 
explanations, sketches of detail, sections of strata, or 
any other information. On turning over such a book, 
it would at once be seen where the responsibility of 
correctness lay, and in any investigation or enquiries 



PRESERVATION OF MINING PLANS. 41 

recourse could at once be had to the proper plan, and 
to the parties who constructed it. 

But as drawing lines and squares with mathematical 
precision is somewhat difficult, engraving them is still 
more so. The most certain mode of obtaining a test 
for such engraved squares and scales would be, by pro- 
jecting them with perfect truth on a large brass or 
steel plate, and then, Jby small perforations, marking 
the several corners and divisions of the scales* One 
such plate, if carefully preserved, would serve a whole 
district for many years. These and similar details, 
however, belong to a more advanced period of geolo- 
gical surveys, and are here noticed only as affording 
some data for the consideration of those more imme- 
diately interested in the si;dbject. 

The practicability and economy of preserving ac- 
curate plans and sections of mines, will be best ex- 
plained by one or two practical instances. 

In November, 1828, I was consulted by the Hon. 
F. C. Annesley and Partners, concerning a lead mine, 
in Yorkshire, atid submitted to them the following 
proposal respecting the plans : — 

" I propose to furnish a correct plan of the workings 
of Silver Band mine engraved on copper-plate, and 
accompanied with a printed reference, provided the 
company subscribe for as many impressions as there 
are partners (18) ; and I also propose to continue the 
same at such future periods as the company shall 
think proper. The price of the original will be 10s. 
6d* each, and of the future plans 5s. each. The 
agent to be responsible for the delivery of the pjans 
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to the partners, and for payment for the said plans, 
which will be sent to him free of expense.*' 

During the same month, I made a careful subter- 
ranean survey of the mine, which was situated on the 
bleak and barren forest of Lune, in Upper Teesdale, 
20 miles from my residence. I projected the plan on 
a scale of one chain to an inch, making a ground plan 
of the veins and levels, with the washing floors, &c., 
and also a section of the several strata and workings. 
These I engraved on a large copper-plate, and, after 
colouring the impressions, forwarded them to the 
agent. The intention was, at intervals of one or two 
years, to add the new workings on the copper-plate, to 
colour those fiew parts only, leaving all the former 
workings in outline uncoloured, and hence, if continu- 
ed every two years, say for ten years, each partner 
would have six plans, as follows : — 

Plan No. 1. Showing all the workings of 

the mine up to Nov., 1828, £0 10 6 
Plan No. 2. Operations from November, 

1828, to November, 1830, 5 
Plan No. 3. Do. do., from Nov., 1830, 

to Nov., 1832, 5 

Plan No. 4. Do. do., from Nov., 1832, 

to Nov., 1834, 5 

Plan No. 5. Do. do., from Nov. 1834, to 

Nov., 1836, 5 

Plan No. 6. Do. do., from Nov., 1836, 

to Nov., 1838, 5 

£1 15 6 
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Each of these plans would exhibit the whole mine, 
and the coloured portion would distinctly show the 
extent of the operations in each respective period of 
two years. 

This collection would preserve a record of the 
entire operations of the mine for 10 years in the hands 
-of each partner, for an annual expense of three shil- 
lings and sixpence ; and for clearness, accuracy, and 
cheapness, such a mineral record has not, I dare safely 
venture to affirm, been carried into execution in this, 
or, perhaps, any other mining country. 

In this instance, the partners were fewer in number 
than in many mines, and the mine itself was difficult 
of access. Every possible economy was used, and 
though nine guineas for the original survey, and four 
or five pounds for each subsequent survey, could scarcely 
pay in one single example, where travelling expenses, 
carriage of instruments, &c., were as expensive as if 
several contiguous mines were to be surveyed, yet it 
is quite sufficient to show, that the adoption of 
mineral plans, even on the most perfect scale, when 
once begun and persevered in, forms a very inconsider- 
iible item of expense in mining. The present instance 
of supplying every partner with a plan being less than 
|. per cent, on the annual expenditure. 

As example, I shall instance Holyfield mine, which 
I engraved in like manner on a plate 24 in. by 12 on 
similar terms. 

28 Partners were supplied with an original plan for 
10s. 6d. each, and the subsequent surveys and plans 
«rere proposed to be continued every 2 years at 5s. 
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each ; being to each partner an annual cost of three 
shillings and sixpence per annum for the entire series 
for ten years, or about five pounds a-year total expense 
on a mine, the profits of which, at that time, amount- 
ed to nearly five thousand pounds m a year. 

If the mines of a district were regularly surveyed in 
this manner, not only the partners of the mine, but the 
Lord of the Manor, would be interested in preserving 
them ; and such engraved sections would also be in- 
valuable illustrations for geological lectures, and for the 
mstruction of young miners. Geological societies, in 
different parts of the kingdom, would also, probably, 
pay a moderate sum for such series of plans, all which 
would contribute to the exactness and economy of a 
system of preserving mining records, and accomplish, 
in the most perfect and scientific manner, a record of 
subterranean works, at once a useful guide to the pre- 
sent, and an invaluable legacy to future generations. 

The district in which Silver Band mine is situated 
is highly interesting to the geologist from its abounding 
with the stratified range of Basaltic rock, which forms 
so prominent a feature in the scenery of Upper Tees- 
dale, and immediately above which, on the summit of 
Cronkley scars, the operations of the mine were being 
carried forward at the time of this survey. Of this and 
some other mining plans which I constructed in this 
manner, several copies were purchased by parties in- 
terested in geology and mining, and amongst others. 
Dr. Buckland purchased six copies of each. 

The unqualified approval of this mode of preserving 
lead mining plans, by several eminent practical and 
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scientific geologists and miners, has been gratifying to 
me ; but domestic circumstances soon after called me 
from the district, and professional engagements have 
prevented me following up the endeavours which I 
proposed to make to effect an improved practice in 
this department of surveying in the lead mining dis- 
trict. I am not without hopes that these endeavours 
may be of some future use, by calling attention to the 
subject. From various agents and other gentlemen 
connected with mining, my enquiries and suggestions 
met with a kind and friendly attention, which I shall 
ever gratefully remember, united as that remembrance 
is, with feelings of sincere regard and esteem. 

The above plans were accompanied with some ob- 
servations on the subject of preserving mining records ; 
the following extracts from which explain the objects 
I had in view, and the mode of representation which 
I proposed to adopt in such plans. The brief des- 
cription of local terms, &c., which accompanied them 
is also added, as explanatory of some of the example^ 
given in this work. 

** These plans exhibit the subterraneous workings 
of the mines, by a horizontal or ground plan, and 
by an upright or vertical section ; the former 
exhibits the course and bearing of the veins leased by 
each company, and the levels, cross-cuts, drifts, &c., 
by which access is had to the veins for procuring lead 
ore. The section shows the order of superposition, 
and various thickness of the strata as they occur in 
diflferent mining fields, with the extent of the workings 
in them, up to the date inscribed on eac plan. It is 
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proposes! to add the subsequent operations at future 
periods upon the same copper-plate, or, if necessary, 
on another plate, the impressions of which will be at- 
tached to, and form a continuation of, the former^r 
The subsequent plans will have only those parts 
coloured which have been worked since the preceding 
date, and thus form a regular series of plans, exhibit- 
ing, in a clear and striking manner, a record of mining- 
operations, which can be furnished to every partner at 
the cost of a few shillings for every 30th or S2nd share 
yearly, or so often as, from the extent of new workings^ 
may be desirable. As these future plans will not, in 
general, exceed half the cost of the original one, it is 
suggested that such a regular record of all the work- 
ings of mines, placed in the hands of every partner at 
so trifling an expense, would tend to increase their 
interest in, and knowledge of mining affairs ; facilitate 
itieiT correspondence ; and render clear and intelligible 
many subjects which, especially by distant partners, 
are often imperfectly understood. 

" Those who are acquainted with the practical 
details of mining are well aware, not only of the utility 
and convenience of having proper plans of the work- 
ings, but also of the great disadvantages and needless 
expense often incurred by the want of them. The 
engraved plans now offered to the mining proprietors 
of Alston Moor, and to those interested in the study 
pf geology, continued in the manner above stated, 
would obviate these difficulties, and, at the same 
time, furnish to men of science a valuable fund 
of materials, derived from authentic sources, and 
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possessing both minuteness of detail and accuracy 
of delineation. 

" Geological plans and sections of mines have, from 
a variety of causes, been much less generally attended 
to, than their importance and utility demand. Not 
only do they aflFord very material assistance in the 
actual prosecution of the works, but are further valua- 
ble from the minute and accurate geological informa- 
tion necessarily blended with them. . By supplying 
numerous records of established facts, in the disposi- 
tion and changes of strata, the position of veins, and 
their productiveness under various circumstances, they 
become admirable data for the study of a science, in. 
which a knowledge of facts, and a patient investigation 
of practical results, are the only sources from which 
any important discoveries can be derived. 

" In the lead mining districts, the utility of such 
records is increased by the non-residence of a large 
portion of the shareholders of mines, who, without the 
assistance of plans, and regular details, can only form 
very imperfect ideas of the nature and objects of the 
different works in progress. These, in general, have 
had little or no opportunity of becoming conversant 
with such details, and are, therefore, naturally indif- 
ferent to the advantages which may be derived from 
them. To many of these, it is anticipated, the plans 
now published will prove very acceptable, by affording 
both a general idea of the nature of mining, and of 
the manner in which its operations are rendered intel- 
ligible, by means of plans and sections. And though 
such shareholders must necessarily place great reliance 
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on the skill'and integrity of their resident agents, and 
cannot, from occasional opportunities, acquire the 
knowledge of mining affairs requisite to the immediate 
direction of them ; yet, in conducting such expensive 
speculations as mining, it is highly-desirable that the 
operations should be as far as possible made intelligible 
to all who take any interest in them. Such a general 
knowledge as would enable them to understand the 
nature of the works, and the objects contemplated in 
any suggested undertaking, would be much more satis- 
factory than the entire dependence on others, induced 
by the want of means to form an opinion for them- 
selves. 

" The object of these plans is to furnish a clear and 
intelUgible representation of the works carrying for- 
ward at the respective mines, and of the various strata 
in which they are situated. By such plans of mines, 
accompanied with the correspondence of an agent or 
resident shareholder, the other proprietors, however 
distant, may at once perceive in what direction the 
works are proceeding, in what situations the veins are 
mostly found to be productive, and what are the most 
likely places for prosecuting new trials, both with 
reference to the intersection of veins, and the strata 
in which they may be conveniently tried. 

" The following brief notices of some of the objects 
named on the sections are added for the use of those 
who are not familiar with the local terms usedjn 
mining, and which often occur in the correspondence 
of the agents of mines with non-resident proprietors. 

" Veins are commonly named from the estate or 
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tenement through which they pass, and neighbouring 
veins are often called north, middle, or sun veins, 
according to their situation — the latter term is com- 
monly used by miners for south. 

" Cross veins traverse the country in nearly a north 
and south direction, and are so called for distinction 
fix)m other veins, the greater number of which have 
their bearing nearly east arid west. 

" The hade of veins is their leaning from the per- 
pendicular, which varies much in different veins, and 
even in the same vein, being greatest in soft, and least 
in hard strata. 

" The throw of veins is the disruption of the 
adjoining strata, by which they have been raised or 
depressed on one cheek or side of the vein from the 
range of the corresponding strata on the other side ; 
and it is a general, but not invariable feature, that veins 
hade or incline with their bottom to that side on which 
the strata are lower. 

** Small veins are commonly called strings, and fre- 
quently accompany or diverge from larger veins. 

" Flats are cavernous parts of the strata, occurring 
chiefly in limestone, in which ore and other mineral 
substances are sometimes found to extend in a hori- 
zontal direction on one or both sides of the vein, 
accompanied by numerous leads or small fissures, 
strings, &c. passing obliquely, or, to use a very com- 
mon minhrig term, swinning through the vein. 

" Levels are horizontal passages by which access is 
gained to the workings of the mine — those which form 
the principal entrance and communication in the 
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interior, have wood or iron rail-ways, and are called 
horse levels ; when made for drainage they are called 
water levels. When levels occur on a plan having 
different randoms^ that is, are on different horizontal 
planes, they are distinguished by different colours. 

" Drifts are similar horizontal passages, either in 
the vein, or driven for discovery of veins and venti- 
lating the mine, &c. Cross-cuts are short drifts from 
the principal level to the vein. The extreme end of 
any level, drift, cross-cut, or working in the vein, or 
so far as it has proceeded, is called the forehead. 

" A shaft is a pit dug from the surface — a rise is an 
upright working commenced from a level, drift, or 
cross-cut, and worked upward — a sump is exactly the 
reverse, being a shaft or pit worked downward^ and 
commenced, not from the surface, but from some part 
of the interior of the mine. Rises and sumps are 
usually named after some of the miners who worked 
them. 

^^ The boundary of veins leased in this maa^r Ta- 
riies in length, and in breadth commonly extends forty 
yards on each side of the vein, 

" Lead or«, either pure or intermixed with other 
mineral substances, as it comes from the mine, is 
called Bouse, and is deposited \vt places called Bouse 
Teams ; the refuse excavations form what are called 
dead heaps. The Bouse is afterwards broken into 
small pieces, either on knocking stones, by manual 
labour, or in the crushing mill by a water wheel ; it 
then undergoes various processes in water at the wash- 
ing floors, and the refuse of these operations is laid 
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into cuUmg heaps. The sediment that escapes with 
the stream is collected in slime pits, and the* ore con- 
tained in this sediment is afterwards separated from it 
by washing. The whole of the ore obtained, after 
being^ property prepared by these vsM-ious processes, 
is laid in dep6ts, called bingsteads, from whence it is 
removed to the smelting house.''^ 
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The several county maps which already exist of the 
northern counties of England, though answering most 
of the purposes of general reference, do not possess 
that degree of accuracy whiclr is desirable for the 
ground work of a geological map of so important a 
district. This is not mentioned with any idea of 
disparagement to these publications, for it is quite 
beyond the means of any single individual, ot of any 
limited company of persons to effect that extreme 
accuracy. To show, however, that this discrepancy 
is fatal to any dependence being placed on these and 
similar maps, for minute purposes, such as the range 
of dykes or veins from one mine or district to another, 
&c., the following instances may be noticed, as occur- 
ring in a part of the county where such continuation of 
bearings, and the relative situation of different mines^ 
&c. is of extreme importance ; so much so> indeed^ 
that in one instance, an error of even a single yard 
in length would have involved a difference of nearly 
one thousand pounds^ This was the w^U-known 
Rampgill vein, the workings of which were surveyed 
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by the celebrated Smeaton, and the value of which, at 
its intersection with the boundary between Alston 
Moor and Allendale, was estimated at £1,000 pef 
3rard in length. 

The mining manor of Allendale, in the County of 
Northumberland, consists of two valleys, formed by 
the east and west Allen rivers. In two recently-pub- 
lished maps of the county, the distance between these 
rivers varies to the extent of a mOe for nearly the whole 
extent of these respective dales. 

From the mining village of Coalcleugh to that of 
AUenheads, on one map, is 5^ miles ; on the other, 
34 miles, being a difference of if mile in this short 
distance. 

The important boundary already referred to, be- 
tween Alston Moor and Allendale, from the north- 
east to the south-west extremity of the former manor 
is on one map, 7i miles : on the other, 5^ miles. 

From the same north-east angle of Alston Moor, to 
a point where the boundaries of three counties meet 
near AUenheads, is on one map, 11 J miles ; while 
the same points on the other map are within 8f miles, 
a difference of 2^ miles — these several distances being 
all measured in direct lines from point to point. 

It is obvious from these examples, that any con- 
clusions drawn from a geological map, projected on 
so erroneous a ground-work, must be of little practical 
utility J and it is equally important to keep in view how 
fallacious an idea may in some instances be formed 
respecting the length of roads by referring to maps ia 
which such material discrepancies exist. 
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A CORRECT GEOLOGICAL MAP of the northern coun- 
ties of England would» indisputably, be a most invalu- 
able acquisition to science, mining, and agriculture, 
while on such a map, the insertion of any material error 
would be open to local, and probably minute inves* 
tigation. 

The following remarks or the subject, are offered 
with a view of drawing attention to that accuracy, on 
which the value of any local geological map must 
mainly depend. 

A long period must elapse before the many valleys, 
mines, &c, which abound in the mountamous districts 
of the northern counties, could receive any personal 
examination. The Basaltic range of rocks from 
Teesdale to Belford, the western escarpment of the 
Penine range of hills, the various rocks of the Cum- 
brian mountains, the Tyne and Wear coal-fields, and 
many other portions of these counties, would require 
much careful investigation before any authentic and 
minute plan of their geological structure could bemade. 

Without any further comment on the obstacles to 
speedily constructing geological county maps, I shall 
submit a few suggestions as to the most desirable 
mode of proceeding to illustrate the geology of these 
counties, and also concerning the ultimate completion 
of a correct statistical and geological map of England : 
the mode of proceeding, which I have'ventured to define, 
being merely offered for consideration, is, of course, 
open to every alteration and amendment that the 
opinions of others, or more mature experience, may 
suggest. 
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Supposing, then, the work fairly commenced in the 
northern mining districts, either by the Natural His- 
tory Society of these counties, or under the auspices 
of the principal land and mine owners j it follows, that 
access could be had to many plans of land and mines, 
with permission to reduce them to any required scale. 
The engraved plans of Greenwich Hospital estates, 
Rennie's plans of the Tyne and Wear, the large manor 
plans of Alston, Allendale, and Whitfield, and many 
similar plans of extensive property in the Newcastle 
coal district, would be valuable materials for such a 
collection ; while I need scarcely add how much the 
professional aid of Mr. Buddie, Mr. Wood, and other 
active and willing promoters of geologi^cal science, 
might add to these preliminary data. 

When once the collection was begun, and the ob- 
ject of it fully understood, materials would rapidly 
accumulate. I would propose that the more impor- 
tant parts of the district should be selected and 
completed into maps of convenient size, say 10 indies 
square, which on a scale of 2^ inches to a mile, would 
include an ««rea of 16 square miles. Separate portions 
of such a map on a larger scale, might also be drawn 
on plaiis of similar size, according to the geological 
details to be expressed on them. 

Accurate plans of such portions of districts being 
obtained, I would recommend that they should be 
carefully engraved on copper or steel plates, with 
intersecting lines representing square miles, and a 
surrounding scale, by which means the comparative 
relation of the map and scale would always remain the 
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^ame, however much the paper might expand or 
contract. 

Separate impressions of these maps should be co- 
loured from existing geological maps — other impres- 
sions sent to gentlemen and mining agents residing 
in, or acquainted with, each district, on which remarks 
and information might be inserted ; while, from time 
to time, members of the society, conversant with 
geology and mining, might make scientific excursions, 
with copies of the maps in their hands, and thus re- 
cord their several observations. 

A few well-executed maps of this kind, constructed 
from these various sources of information, all brought 
as it were into one focus, would be of more real ser- 
vice than any general map of a large district can 
possibly be, without such preliminary means of ac- 
quiring correct details. 

Having in this manner accomplished maps of cer- 
tain districts, the corrected details might be laid on the 
copper-plate plans, and the impressions being properly 
xx>loured might either appear in the transactions of the 
Natural History Society, or be published separately. 
Two such plans, with a plate of sections, and a few 
pages of descriptive letter-press, would be a neat and 
useful mode of arranging them into a series of geolo- 
logical plans. 

A collection of fifty or sixty plans, comprising from 
800 to 1000 square miles of the principal portions of 
the mining districts, with accompanying sections, 
drawings, and descriptions, would afibrd an admirable 
view of the geology of the north of England. Every 
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portion of this series would present the results of 
careful personal observation, corrected by frequent 
enquiries and inspection. Fresh discoveries could, 
at any time, be added on the plates, and how many 
opportunities might not the lapse of eight or ten years 
afford of gaining such accessions of knowledge. Re- 
peated visits of scientific men, the opening of quarries, 
the sinking of shafts, borings, &c., might in this pe- 
riod tend to clear many difficulties which must be 
encountered, and perhaps very imperfectly overcome, 
in any attempt to construct at once a detailed geolo- 
gical map of so vast an extent of country. 

The publication of a series of maps would, I ima- 
gine, tend far more to promote an acquaintance with, 
and general interest in geology, than that of a single 
large map. The letter-press, sections, and drawings, 
of each number, would be interesting to the public of 
each respective district Many would examine, and 
learn to understand a map of the geological structure 
of the place in which they live, who would deem a 
large geological map far beyond either their interests 
or comprehension ; and a printed cover of these num- 
bers might also be a useful vehicle for publishing the 
nature and advantages of the ultimate objects in view. 

When, at length, a great number and variety of 
materials, manuscript or engraved, shall have been 
collected ; when one portion of the district after another 
has been submitted to careful revision ; when the 
published plans have benefited by criticism and amend- 
ment ; when geological plans and sections have, at a 
moderate expense, been rendered familiar to the public 
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eye ; when charts of coasts, maps of parishes, plans and 
sections of mines, roads and railways, and various data» 
shall have accumulated in the portfolios of the con- 
ductors of the undertaking ; when these and similar ad- 
vantages shall be accomplished, the construction of a 
large geological map may then be proceeded in, with 
a degree of precision and utility which cannot other- 
wise be attainable. 

To the advantages already enumerated, may be ad- 
ded the very important one, that previous to such 
general map being ccmstructed, the ordnance surveys 
of the north of England may probably be completed. 
If to this were added the projection of meridian sta- 
tions over the mining districts, the work would be 
complete* 

A map thus constructed, would possess accuracy of 
delineation, and minuteness of detail, commensurate 
with the importance of the districts comprised in it ; 
would assuredly reflect the highest credit on the con- 
ductors of it ; and form such a specimen of geological 
planning as has not hitherto been accomplished. 

In the preceding observations, especial reference has 
been had to the mining districts of the North of Eng- 
land ; and the mode of publication in occasional parts 
has been suggested, as being most suitable to the 
limited funds which would be appropriated for such a 
local object, by the owners of mines, or by the public 
institutions of the district. It is, however, scarcely 
possible to contemplate the utility of such a record, 
without being led to consider the great importance and 
value of a correct statistical map of England, in which 
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especial regard should be had to geology and mining. 
Considerable progress has been made in most European 
states in effecting complete territorial surveys ; and the 
subject of a national survey of England was recently 
pressed on the attention of government by the Tithe 
Commutation Commissioners. The expediency of such 
a survey for the objects of this commission became a 
subject of parliamentary investigation ; but the enquiry 
was confined in narrow limits, being viewed with 
reference solely to the tithe question, and not to the 
general advantages of such a survey. In the report 
of the select committee on survey of parishes (tithe 
commutation act) it is stated that " They consider 
themselves precluded by the terms of their appoint- 
ment from the consideration of the expediency of a 
national survey.'* It is evident, however, that the 
consideration from which the committee was precluded, 
was the very one which alone required attention. As 
regards any one or two specific objects, it might be a 
reasonable matter of doubt whether they alone would 
warrant so expensive and important a survey, especially 
if any considerable portion of the surface was not 
required to be mapped for those specific objects ; but 
if the expediency of a national survey had been the 
express subject of enquiry, not only would such a 
survey have been found to be of the greatest impor- 
tance to the Tithe Commutation and Poor Law Com- 
missioners, but a great many other objects of a most 
important character would have been found to be 
attainable by such a survey. To the statistical know- 
ledge of the kingdom, such a survey would have been 
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an invaluable acquisition ; and not less important would 
it be as giving permanency and security to the divisions 
of property, and forming a record of great value in a 
legislative point of view. In the formation of roads 
and railways, it is not too much to expect that the 
accurate and detailed information which such a survey 
would afford, would be the means of promoting 
economy as well as improvement, and the geology 
and mining of the kingdom would be materially benefit- 
ed. It is probable that, even under the most effective 
direction, such a survey would require to be extended 
over a period of fifteen or twenty years, at an annual 
expense of a hundred thousand pounds ; but when it 
is considered, that more than double this sum has been 
expended in the preliminary investigation of the merits 
of a single railway, and that such a survey would 
establish data for arriving at the most sound conclu- 
sions in planning works which cost millions in their 
execution, independently of its value in a statistical 
point of view, the sum of one and a half, or of two 
millions extended over so long a period, seems a 
moderate amount for the attainment of so great an 
object. In mming districts, it has happened that a 
few yards only have intervened between the aban- 
donment of works, and immense stores of mineral 
wealth ; and the relative position of mine workings 
and mineral veins being often very imperfectly known, 
for want of accurate maps, it is impossible to calcu- 
late the loss which must inevitably have been incurred 
from this very circumstance. Every day increases this 
evil, and with it, increases the necessity for preserving 
exact records. 
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At first sight, the vast size and unwieldiness of such 
a mass of plans may appear a matter of difficulty, but 
this would be wholly avoided by following the method 
already recommended, of binding the plans of 20 
inches square, each comprismg one square mile on 
a scale of 4 chains to an inch, and each volume con* 
taining one hundred plans. A fire proof room, 30 
feet square, and 10 feet high, would suffice to hold the 
entu'e series arranged on two sides only, leavuig the 
other two sides for large windows ; and a space of 25 
feet by 30 would remain for tables on which to examine, 
copy, or make extracts from any of the plans. The en- 
tire series could be arranged so as to be visible through 
plate glass doors, and thus admit of immediate refer* 
ence. An index map might be readily constructed, in 
which the whole kingdom could be shown in nine 
volumes, on the same scale as the plan shown in Plate 
I V, which. It will be perceived, is sufficiently large to 
show the exact relative size of each field — ^the boundary 
of each farm, and the situation, and even a tolerable 
indication of the detailed arrangement of every farm 
building. The column at the side of each plan, as 
shown in Plate I, would contain, under regular heads, 
the various statistical details — the nature and value of 
the soil — the state of agriculture — the amount of popu- 
lation, and other explanations suited to the peculiar 
nature of each district 

The progress of such a survey might, I conceive, be 
greatly facilitated by a modification of the plan recom- 
mended bv Lieut. Dawson to the Tithe Commutation 
Commissioners. Instead of testing the accuracy of 
surveys by lines carried round the boundaries of 
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parisl^s, which are often formed by rivers in deep 
glens, by mountain ridges, or other features difficult of 
access, meridian lines, and east and west lines, might 
be carefully projected over the kingdom ; and these 
should form the foundation of the survey, by being 
measured with rigid exactness by persons of great 
skill and experience. Every road, fence, stream, or 
other object intersected by such lines, would be 
delineated on a map to be given to the surveyors, whose 
only duty it would then be, to fill up, by common 
triangulation, the interior of each district allotted to 
them. This would at once afford the means of testing 
the accuracy of the surveys and calculations, while it 
would also very materially diminish the expense of 
the general survey. By this method, also, as soon as 
the main lines were projected, any particular part of 
the country might be surveyed in detail for the imme- 
diate adjustment of any intricate or disputed point ; 
while large tracts of land respecting which no material 
difficulty exists, might remain unsurveyed for ten or 
twelve years, and the surveys, whether made at the 
present time or some years afterwards, could be readily 
assigned to their exact position in the general arrange-^ 
menti 

One difficulty presents itself, in considering the 
value of a record of this description, namely, the en- 
laigement and contraction of paper on which plans are 
drawn. This, I conceive, would be wholly obviated by 
the method I have suggested, of preserving the plans 
on squares of twenty inches. These squares I pro- 
pose should be graduated accofding to the scate on 
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which the plan is laid down, and lines drawn across the 
plan, parallel to the sides, should be tested, when the 
map is plotted, by mathematical tables of latitude and 
departure. Whether, therefore, the paper was subse- 
quently enlarged or contracted, 4;his scale of areas, as 
well as lengths, would at all times afford a ready index 
to the value of the respective areas and lengths on the 
plan. I have ascertained the amount of contraction 
in some cases to be so considerable, as to render an 
easy mode of correction indispensably requisite. 

In considering the expenditure requisite to eflFect 
such a national survey, it must be kept in mind that a 
large expense must be incurred in constructing parish 
plans for the Tithe Commutation Act, which will * be 
comparatively valueless as national records. The very 
bulk of such plans, as they are usually made, is a very 
con^derable objection— by being rolled and unrolled, 
the paper is first stretched, m ene direction only, and 
afterwards torn. In a large plan, too, the size is in- 
creased very much by the waste paper required to make 
a parallelogram* ; thus, the parish of Elsdon, in North-- 
umberland, containing nearly 130 square miles» 
would require a space of blank paper equivalent to 13S 
square miles to complete a regular figure ; the parish 
of Kyloe, in North Durham, containing 35 square 
miles, would require a similar extent of waste paper 
equivalent to 22 square miles. These instances are 
adduced, to show how desirable it is to comprise plans 
in such portions as shall be readily inspected, and 
which, by being in a flat volume, are not liable to the 
injury which so rapidly destroys large plans. When 



STATISTICAL MAP OF ENGLAND. 63 

once a national survey was completed, it would be 
productive of a considerable revenue, by the fees which 
would be paid for extracts ; and a comparatively trifling 
expense would suffice to record the alteration of roads, 
formation of railways, &c. from time to time. To 
mining districts such a plan would be of constant 
utility, and a more improved system of preserving 
records would then be easily accomplished. On the 
mining products of England its prosperity mainly de- 
pends. The mineral treasures it contains are the 
foundation of its unexampled greatness ; and the in- 
terests of mining form a branch of political economy 
which cannot be neglected without disregarding the 
national welfare. Plans and surveys have been com- 
paratively little regarded, especially as regards mining 
purposes ; but the cultivation of an improved taste, and 
a correct appreciatiim of the value of such records, 
wiJI» it is believed, be found well worthy the attention 
of government, and form an essential feature in an 
enlightened and improving system of legislation. 
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CHAPTER II. 



ISOMETRICAL PROJECTION. 



Peespective is the art of delineating on a plane the 
appearance of objects according to the laws of vision. 
Every one who is at all conversant with drawing, knows 
that perspective lines converge so that near objects 
may seem large, and distant objects small ; and that, 
in like manner, according to what is called aerial per- 
spective, the colours of near objects are strong and 
clear, while those of distant objects are faint and indis-- 
tinct. The proper diminution of the size and colour 
of objects, according to their distance, and to the 
relative position of the eye, is, therefore, what is com- 
monly understood by perspective ; the principles and 
practice of which have been explained in numerous 
works, and a knowledge of these principles and modes 
of application is not only of great interest as a scien- 
tific pursuit, but in many circumstances is quite indis- 
pensable as a matter of business. True perspective 
is the nearest approach that can be made to the figures 
which objects assume in that inimitable picture which 
is formed on the retina of the eye, and of which the 
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images produced by the Camera Obscura afford the 
clearest illustration ; but it is obvious that for many 
practical purposes, the diminution of ordinary perspec- 
tive renders such drawings extremely intricate, and 
incapable of admeasurement. To avoid this obvious 
difficulty, recourse has been had to artificial modes of 
representation, which, though less accordant with the 
actual appearance of objects, yet possess the properties 
of representing the real and not the apparent shape of 
objects, and of being conveniently measured in several, 
if not in tdl, directions. 

It would be far from the object of the present work 
to enter into any abstruse speculations on the several 
modes of projection employed in constructing maps 
and geometrical drawings; a subject, to the proper 
consideration of which the Hmits of this volume would 
be inadequate. The public are in possession of many 
excellent publications on perspective. And here I 
may observe, that probably no person in this kingdom 
has rendered more essential service to practical geo- 
metry, nor more successfully elucidated the principles 
of perspective and projection, than my respected friend, 
Mr. Peter Nicholson, for whose liberal and intelligent 
communications on such subjects I cannot but express 
my highest acknowledgments. 

To enter on the full consideration of Ihe subject of 
projection, would not only occupy a . considerable 
space, but would also involve a departure from the de- 
sign of this pubhcation, which is to offer a practical 
view of the subject as connected with mining plans 
and surveys, and with the delineation of land and 
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buildings: in landscape, architectural, and me c ha ni ca l 
drawings. 

An excellent treatise on projection has recently 
been published by Mr. Nicholson, whose various works 
form an invaluable arcana of architecture^ building, 
and pr^tical geometry, containing the most scientific 
explanations of the theory and practice of perspective 
and projection. Orthographical projection, as regards 
the circles of the sphere, has been long known, but its 
application to solids in general was imperfectly undei;- 
stood, until Mr. Nicholson introduced a general 
method in Rees's Cyclopaedia, in the year 1813, where 
the application is shown in various difficidt examples 
of the projection of solids, particularly the dodeca- 
hedron. This method possesses the advantages of 
being extremely simple in its principles, and univei;- 
sal in its application ; nor in the writings of either 
continental or English authors has any other general 
method been proposed. An example of its appli- 
cation to the projection of a cube is shown in PJatp 
XII. 

As every mode of projection which is convenient 
for frequent and extensive application, must of neces- 
sity be extremely simple in practice, as well as theory, 
it is desirable to confine any explanation of the sub- 
ject to such plain and obvious particulars, as may be 
readily conaprehended by every one in the numerous 
class who are interested in such drawings : in the fol- 
lowing pages, therefore, some of the leading demon- 
strations and most useful problems connected with the 
subject will be introduced, as illustrations for those 



mho pr^0^ 9 gQOjpa^tfie^ considQmltion o( the princi- 
ples mi praf|;ie^ pf IwfiWtrical projection. 

Higbly-imp<^ri;f9nt aod ingenious as many modes of 
project^ ufidpu^ediy 9^, little experienoe in the 
^eljbi^^tibon of objeeit^ is required to show that para!L- 
i,^j^ iiiLOj^CTiP.sr is not only the most useful method 
of r^res^tii^g objects, jbut is almost the oijly one 
which Ims w^ been generally adopted for plans ^ 
land or jauii^, or for architectural and ivorking designs 
for btlUdmgs ^nd npiaohinery. With this i^ode^f {m:o- 
jection ev^ pne i^ familiar by the names of the 
isnoimp w*an anp sM^Pxioiir, as applied to land of 
strata* aad <if PiI>an$^ ?nd plevatwii^ «s applied to 
biuildj^gs. These ground plans* sections, and deva- 
tions, are, in fact, true representations of the relative 
^z^ ai^d position of objects mlmAi are exactly situated 
4m mejpkine surface, dfS (ia a geometrical sense) they 
W(Ould appear if viewed from an infinite distance. 
IS^ep, therefore, fields or any objects are situated oja 
ime fmiform pieme^ this orthographic mode of repre- 
sentation furaisdiies what may be called a /?^^^^^w««- 
tare r^e^nblancej every dimension^ and tvert/ dir^fim^ 
h^^ 19 exact proportion to, and coinddejic^ with* the 
wbjeet repres^ted. No sooner^ however, does any 
deviation from the plane occur, than this beautifijfl 
^mUijtude of the orthographic representation cease?. 
TT1U3, for instance, the undulating surface of a hilly 
country, or the inclin^rf^ion of roofs, &c,, cannot he 
truly shown on a ground plan^ but are rpore or less 
distorted according to the angle which they make with 

the plane on which the drawing is projected. This 

f2 
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inconvenience results from the nature of vision, and 
cannot by any mode of representation be entirely 
avoided. In few words, it may be observed, that the 
great advantage and simplicity of the ground plans, 
sections, and elevations in common use, consist in 
this : — That one scale is applicable to even/ part 
and to eoery direction of the plane represented, an 
advantage exceedingly great, and which no other 
species of projection possesses. The principal dis- 
advantage is, that the connection of one horizontal 
or vertical plane with another cannot be shown but by 
separate drawings, which for many purposes are 
less explanatory than those modes of projection 
which exhibit two or more planes combined in one 
drawing. 

This may be readily understood, from the example 
of a cube, the sides of which may be exactly repre- 
sented by separate squares, which, however, cannot be 
united in their relative position in one drawing, and 
hence an oblique or perspective view affords a clearer 
idea of the construction of this solid, and of the re- 
lative position of its sides. Plate IX. represents 
three sides of a cube, each of which is 165 feet square. 
Fig. 1 is an orthographic projection or ground plan of 
the surface ; Fig. 2 represents a vertical section of the 
strata lying directly under the line A B, Fig. 1 ; and 
the section under the line B C, is represented in Fig. 
3. Now each of these forms the most perfect repre- 
sentation of each respective side that can possibly be 
drawn ; and if joined at right angles, the side a b to 
the line A B, and the side b c to the line B C, a 
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model would be produced of the top and two sides of 
a cube, which, if the drawing were correct, would form 
a miniature fac-simile of the objects represented, and 
would ccmvey a faithful idea pf the relative position of 
these several objects better than any other means 
that can be used. Now, as it is in many cases e^-« 
tremely desirable that the relative position of different 
planes should be shown, the most obvious method 
which suggests itself is, to form a representation of 
duch a model, as it appears from a point which com- 
mands a view of three different sides, and to do this^ 
the aid either of perspective or projection is required. 

By Perspective, a cube may be represented so 
that one, two, or three sides may be seen in any va- 
riety of position, according to the supposed situation 
of the eye of the observer. If, then, it is required to 
show all the three sides equally, the place of the eye 
must be in the direction of the diagonal of the cube 
produced, for this diagonal is the only hne which forms 
an equal angle with any three adjoining faces of a 
cube. But if the eye is supposed to be at any finite 
distance, the further sides of each square will be 
diminished by the laws of perspective, as at Fig. 3, 
Plate XI L, which shows the appearance of a cube of 
3 feet (of which Fig. 3 is one side) when viewed in 
the line of the diagonal produced, at a distance of 12 
feet from the nearest angle. Fig. 4 represents the 
same cube at 24 feet distance, and Fig. 5 as it would 
appear at 48 feet distance. From these examples, it 
is very obvious that such perspective drawings could 

never be extensively used for plans and sections, since, 

f3 
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except the edges, c?very other part of them would re* 
(^uire a difierent scale. The apparent form of Fig. 
S is evidently better adapted for planning than the 
distorted lines c^ F^ S, tte greater distance of the 
former making the angles of diminution to be so small 
aft to cause little deviation from the true ffeometrical 
fiffWB ef the same cube, as it would appear if viewed 
from aa infinite distance (see Fig. 7)* The mode of 
representation which this supposition of an infinite 
distance effects^ is called Projectiok, and by it a. 
cube or aay other figure may be delineated in amf 
position without any perspective dhntntition of the 
several parts> according to their distance, since all the 
parts are necessarily considered as being equally dis- 
tant. But thot^h the varieties of projection are a» 
innumerable as are the possible combinations of the 
distance and positions of the objects represented,, yet 
a combined view of horuzontat and vertical planes in 
one drawing, and all capable of being measured by 
one scale, can only be delineated by one mode of 
projection^ viz. : as viewed from an infinite distance 
in the direction of the diagonal of a cube produced^ 
or, in other words, in a direction forming an angle of 
SS"" 16' with the plane of the horizon. A71 object in 
any other po^tum^ as viewed from any distance^ may 
indeed be represented with geometrical truth, and 
may also be measured by different scales suited to 
each respective plane; but the least acquaintance 
with practical delineation will show that, however 
well adapted some of these projections may be 
,for some particular purposes, they are altogether 
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Qosuitabk for the ext^oisive md general ^pplicatiou re- 
quired in geological and mining plans, to which 
isometrical projection is the only one that can be 
tendered generally applicable. 

This projection^ for which, as relates tp plans and 
sections, so exclusive an excellence is claimed, results 
from such obvious principles of geometry, that no 
recognition of it in modern times can reasonably claim 
as a discovery what must have been co-existeat with 
the earliest knowledge of geometry. The origin of 
isometrical projection is at least co-existent with the 
inscription of a hexagon in a circle, for if all the op- 
posite angles of a hexagon be joined by straight lines, 
a perfect isometrical representation of a cube is there- 
by produced ; but while these few obvious geometrical 
principles claim so great antiquity, their application to 
projection is altogether modern. In an able paper in 
the first volume of the Cambridge Philosophical Tran- 
sactions, the general nature and usefulness of isome- 
trical projection were elucidated by the late Professor 
Parish, who, without entering into detailed geometrical 
disquisitions, gives a clear and intelligible view of the 
subject, and also suggests the appropriate term, 
" ISOMETRICAL,*' derived from the Greek *i(roc, equal, 
and /U€T/)or, peasure. This paper has had a greater 
and well-deserved publicity given it in Dr. Gregory *s 
" Mechanics for Practical Men.'* It was through 
the medium of this latter work that my attention was 
first directed to the subject, and being at that time 
engaged in mineral surveys of a highly-interesting^ 
district, I constructed an isometrical drawing, exhibiting 
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some of the most curious mining and geological 
features of the country. This I believe to be the 
first application of isometrical projection in the mining 
districts of the north of England, and several highly- 
intelligent mining^engineers have concurred in thinking 
the method well adapted for many purposes of geolo- 
gical delineation. To buildings it has been^ more 
generally applied, and examples of it may be seen in 
several of Mr. Louden's excellent publications on 
architecture, agriculture, &c. ; yet the value of this 
mode of drawing being at that time not generally 
appreciated, the present work was undertaken, at the 
suggestion of Mr. Buddie, with a view to its practical 
exposition, and more especially as relates to geolo- 
gical and mining plans and sections. 

Isometrical projection exhibits three contermirums 
or adjoining sides of a cube, having its under side 
on the plane of the horizon ; see Fig. 7> Plate XII. 
Each of the three sides appears of equal size and 
shape, and aU the edgesy or boundary lines, are of 
equal length. In each side, two opposite angles are 
1 20^ each, and the other two opposite angles of each 
side are 60** each. The three angles formed at the 
corner nearest the eye, which is in the centre of the 
figure, are each 120*'. All the opposite boundary 
lines are parallel, and all lines drawn parallel to any 
of these boundary lines will coincide with them, and 
may be measured by one common scale. By isometri- 
cal projection, aU perpendicular lines may be measured 
by the same common scale^ and In/ no other mode of 
projection can the three sides of a cube he represented 
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&n paper, or any flat surface, so as to present cor- 
responding figures of which aU the edges may he 
measured by one scale. This brief enumeration of some 
of the properties of isometrical projection, will be 
readily comprehended by referring to the figure of a 
cube so represented. In Fig. 4, Plate VIIL, a J c c?, 
ae fb^ and b f g c are corresponding figures repre- 
senting three sides of a cube, and the whole of the 
edges being equal, may be measured by one scale, 
A clear idea of these properties will enable any one 
to understand the practical application of them, as 
explained in the succeeding chapters of this work ; 
and having encJeavoured to convey to the general 
reader some knowledge of the nature of perspective, 
projection, and of isometrical projection, the following 
elucidations of the principles of projection, contributed 
by Mr. Nicholson, will be still more explanatory to a 
numerous class of readers. 

The shadow of an object by the sun upon a plane 
perpendicular to its rays is the orthographical projec- 
tion of the contour of the object, and if in solids 
comprised under plane surfaces, we construct, or 
suppose to be constructed, a frame or cage of wires, 
which shall form the same angles, and which shall 
have the same proportion to one another as the edges 
of the solid, the shadow of the frame by the sun upon 
a plane perpendicular to the rays of light, would be 
the orthographical projection of the linear edges of 
the solid, and exactly what ought to be drawn when 
the position of the object to the plane of projection is 
known. If the wire frame were similarly constructed 
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to the edges of a solid comprised under reotcy^^Iar 
planes, and the sun's rays p^allel to the diagonal o£ 
a cube, which has its edges parallel to those of tb^ 
wires, the shadow of this frame would be the isomeirical 
pr^ection of the linear edges of the solid. 

Again, if in a point at a limited distance from the 
object, the flame of a candle be supposed to be coiw 
densed, the shadow of the wire frame by this l^ht^ 
upon a plane behind it, would be the perspective 
representcUion of the linear edges of the solid } ami 
if the light were in the diagCHial produced of a cube 
similarly situated to the wim frame, and the plane of 
the picture prependicular to this diagonal, we should 
have the isometricai perspective representation of Uie 
linear edges of the solid. 

Isometricai projection combines the uses of perspec* 
tive and geometrical drawings of plans, elevations, 
and sections.^ It is of equal utility with per^ecUve ia 
showing how the parts of a design are connected 
together, and has an advantage over it by exhibiting 
the measures of those parts*. 

Much study is required, in order to c^urry a complex 
design which is represented by geometrical drawings 
into execution, from its being necessary to represent 
the object by as many separate drawings as it has 
faces. Hence the advantage which isometricai pro- 
jection has over geometrical drawings, in uniting all 
the several faces of an object ; and, consequently, 
representing the object itself by one drawing. 

Isometricai projection will either enable the artist 
to execute a design according to the intention of the 
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designer^ gr the draughtsman tp make such a draw- 
ing of an object or objects already existing^ whether 
land, machinery, or buildings, as will exhibit to 
another the measures and positions of the things re- 
presented. 

Though isometrical projection is most readily ap- 
plied to those objects whidi have all their faces rectan- 
gular, it may easily be adapted to others situated in, or 
referable to, any of the rectangular planes of the faces 
of the solid. 

The word projection is used by writers in a general 
sense, either for the perspective, or for the orthogra- 
phical representation of an object. The celebrated 
Brook Taylor, in his new principles of linear perspec- 
tive, uses the vford jn'ofection, and the viords perspective 
representatumy as synonymous, viz.^ the former in the 
sense of the latter. Other writers on perspective, who 
have not treated of orthographical projection, have 
used the s^une expressions indifferently for the per- 
spective figure of the otgect. To avoid this ambiguity, 
the word projection is here used to signify orthogra- 
phical projection, and perspective representation for 
the figure of the object or objects in perspective. 

This is in conformity with the celebrated French 
writers on descriptive geometry, which is a method 
that enables the syrtist to determine, by means of two 
planes of projection, one perpendicular to the other, 
the positions and lengths of the lineal parts of solids 
orthographically represented upon each plane in the 
manner of a plan and elevation, which, when one of 
the planes of projection is parallel to the horizon, this 
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plane is called the horizontal plane of projection, and 
the other is called the vertical plane of projection. 

It is absolutely impossible to find the projection of 
a solid when the figures of the faces, and the angles 
which the planes of these faces make with one another,, 
are given by any other method than the one alluded 
to in page 66, except the figures of the faces be all 
rectangles ; and, even in this, the most easy of all 
examples, is far from having the simplicity of the new 
method, by finding the projection of each face sepa- 
rately, by means of the intersecting line of that face 
with the plane of projection. 

Many have confounded the principles of orthogra- 
phical projection with descriptive geometry ; but the 
principles are entirely different, inasmuch as the for- 
mer requires only one plane of projection, and the 
latter requires two. 

Descriptive geometry applies to the solution of 
problems in space, in a similar manner as plane ge- 
ometry to the solution of problems described upon a 
plane surface; thus, for instance, plane geometry 
shows how to let fall a perpendicular from a given 
point to a given right line ; and descriptive geometry 
shows how to let fall a perpendicular from a given 
point in space to a plane, and to find the point in which 
the line meets the plane, the two projections of the 
plane, and the two projections of the point from which 
the perpendicular must pass, being given. This 
cannot be done without the use of two planes of pro- 
jections, one perpendicular to the other, as stated in 
the preceding page. 
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Professor Parish was the first to observe, that in 
projecting solids comprised under rectangular faces, 
if the projecting rays were parallel to the diagonal 
of a cube having its faces parallel to the faces of the 
solid to be projected, he would be enabled, by a com- 
mon scale, to draw the representation without the 
trouble of actual projection^ in such a manner that all 
the right angles would be represented in the drawing 
either by angles of 60** or 120*", and that all the right 
lines or edges of the solid would be represented by 
right lines which would have the same proportion 
to one another as the corresponding edges of the 
original. 

It was from this circumstance that Professor Parish 
denominated the projection arising from the diagonal 
position of the projecting rays isometrical perspec- 
tive ; the substantive perspective, however, is not so 
strictly applicable as projection, for perspective implies 
a representation of an object by rays proceeding from 
the solid to a point at a limited distance^ and in their 
progress intercepting the plane of the picture ; whereas 
in projection the rays are supposed to be parallel, and 
consequently would never meet in a point as in per- 
spective. It is therefore proper to substitute /?r^ec/u)!» 
for perspeetivej and to call this mode of projection 
isometrical projection. 

Isometrical projection, though not adapted to the 
delineation of such bodies as the regular solids, the 
general projection of the sphere, the intersections of 
cones, cylinders, spherical surfaces, &c., is of the 
greatest importance in delineating by far the most 
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numerous, useful, and conveniait {otms of solids, name- 
ly:, those comprised under rectangular faces. 

The principles of isometrical projection may be 
thus arranged :— 

That species of orthographical projection in winch 
the projecting rays are parallel to the diagonal of a 
cube, and the edges of the body to be projected pa- 
rallel to the edges of the cube, is called isometbicax^ 

PROJECTION. 

The three edges of the cube which meet each othe^ 
in the diagonal, are called conterminous edoes. 

The three faces of the cube whidi meet each other 
in the diagonal, are called the conterminous faces. 

The diagonal of a squai-e whidi meets the diagonal 
of the cube, is called the conterminous dia^oonaj*. 

One of the triangles, which is made by dividiiig the 
diagonal parrallelogram into two parts by a diagoisial 
which is the diagonal of tlie cdbe, is called th^ mM 

CLONAL triangle. 

The orthographical projection of aay portion of 
one of the edges of the solid to be delineated, i« call- 
ied the isoMETRiCAL LENGTH of that portion. 

The things to be drawn are called bodies, soli^^, 
OBJECTS^ OR ORIGINALS, and the pictures are called 

K^EPRESEKTATIONS, FIGURES, IMAGES, Or PROJECTIONS. 

PROPOSITION I. 

The sides of any one of the diagonal *riaii^le$ of a 
cube are in the ratio of V"^, i/ % V^. 

Fig. 1, Plate X. 
For, let ABCDEF be a cube. Draw the dia- 
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gonaU AH and GD of the squares BAFH, CGED, 
and join AD ; then AD is the diagonal of the ^uJbe« 

Because AG and HD are perpendicular to the 
plaiie3 BAFH, CGED, the figure AGDH is a 
rectangle which is divided into two equal right-angled 
triangles AGD, AHD, by the diagonal AD of the 
cube. 

The two sides wbi(^ contain the right jangle of 
each of these trlangleSf consist of tiie side and dia- 
gonal of a square ; hence, if tbe side of the cube be 1, 
the side of each square will be 1 ; and (by Eu. jb. i. p, 
47) the diagonal will be ^ *" } therefore, the legs of 
liie dii^onal triangle will be 1 and V^ ; hence (by 
Eu. B. 1. p. 47) the hypotheause or diagonal of the 
cube will be -/^ ; therefore, the hypothenuse, the base, 
and the perpendicular of this dis^onal triangle are in 
the ratio of -Z^, */*^ v^, that is, in the ratio ^ 1, 
jV^f f^"^f or as 1, -51649, '57401. 

PROP. II. 

The angle made by the diagonal of a cube and any 
one of the three conterminous edges, is equal to the 
greater part of the two acute angles of the diagonal 
triangles. 

Fig. 2, Pkae X 
Fox, draw the diagonal AD of ihe eiibe» dividing 
ikx% recftangle ACDF ifOito iJbe two ^agondi 1a*iajagles 
ACD, AFD, equal to one another. Now DAFiis 
the angle made by the diagonal AD of the cube and 
the ec^e AF ; but in the diagonal triaiE^gle AFD, the 
side DF is greater than AF j hence the angle D AF 
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is greater than ADF. Therefore the proposition is 
manifest. 

Coroll. Hence the angles made by the diagonal of 
the cube, and each of the three conterminous edges, 
are equal to one another, 

PROP. III. 

The angle made by the diagonal of a cube with any 
one of the three conterminous diagonals, is equal to 
the less of the two acute angles of the diagonal tri- 
angle. 

Fig. 2, Plate X. 

Now DAC is the angle made by the diagonal AD 
of the cube and the conterminous diagonal AC ; but 
in the diagonal triangle A CD, the side CD is less 
than AC ; hence the angle CAD is less than CDA ; 
hence the proposition is manifest. 

Coroll. 1. Hence the angles made by the diagonal 
of the cube, and each of the three conterminous dia- 
gonals of the squares, are equal to one another* 

Coroll. 2. Hence the diagonal of the cube is equally 
inclined to each of the three conterminous faces of tlie 
cube. 

PROP. IV, 

The diagonal of a cube is perpendicular to a plane 
<irawn through three points in the conterminous edges, 
at equal distances from the vertix, 

Fiff. 3, Plate X. 
For, join BF, FG, GB, and let the diagonal AD 
intersect the plane BFG in a, and through a draw 
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GJ, FK, BL, to meet BF, BG, FG, in the points 
J, K, L, and join AJ, AK, AL. 

Now the sides aA, AB of the triangle aAB, are 
respectively equal to the two sides a A, AF of the 
trangle aAF, an4 the angle «AB of the triangle aAB 
has been shown (by p. 2) to be equal to the angle 
aAF of the triangle aAF ; therefore (by Eu. b. i. p. 
4) the sides a B, a F, are equal to one smother ; simi- 
larly the sides a G, a B, are equal to one another ; 
therefore, a B, a F, cr G, are equal to one another ; 
and because BF, FG, GB, are equal to one another, 
the triangles B a F, F a G, G a B, are (by Eu* b. i. 
p. 8) equal to one another, and the angles contained 
under the equal sides are equal to one another ; there- 
fore the angles B a F, F a G, G a B, are equal to one 
another ; and the remaining angles are equal to one 
another ; and because the two sides KF, FB, and the 
angle KFB of the triangle KFB are respectively equal 
to the two sides KF, FG, and the angle KFG of the 
triangle KFG, the base KB is (by Eu. b. i. p. A) 
equal to the base KG, and the angle FKB equal to 
the angle FKG ; therefore, (by Eu. b. i. de. 10) the 
angles FKB and FKG are right angles ; therefore 
BG is bisected in K, and similarly FG, BF, are 
bisected respectively in L and J. Moreover, because 
the three sides AB, AK, KB, of the triangle A KB 
are respectively equal to the three sides AG, AK, 
KG, of the triangle AKG, the angles AKB, AKG, 
are (by Eu. b^ i. p. 8) equal to one another ; there- 
fore, each of the angles AKB, AKG, is (by Eu. b. i. 
def. 10) a right angle, and since the angles a KB, 
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aKG are ri^t angles, the right line BG is (by 
Eu. B. xi. p. 4) perpendicular to the plane AKF j. 
therefore,, (by Eu. b. xi. p. 18) the plane AKF is 
perpendicular ta the plane BFG^ and similarly the 
planes of the triangles ALB, AJG are perpendicular 
to the plaae BFG ; therefore, the common section 
A« is perpendicular to the plane BFG ; hence the 
proposition is manifest. 

PROP. V. 

Any one of the three conterminous semidiagonals^ 
is to its projection in the ratio of ^"^ to V% and any 
one of the three conterminous edges is to its projec- 
tion in the ratio of V^ to V\ 

Fiff. 4, Plate X. 

For AK is half the conterminous diagonal of the 
square ABCG, and AF one of the conterminous- 
edges* Since AD or Aa is perpendicular to the plane 
BFG> the triangles AaK and A/zF are right angled 
ata» sin«e the aBgle DAF is equal (by Prop, ii.) to 
Ae greater, and the angle DAK equal (by Prop, in.) 
to the less of the two acute angles of the diagonal 
trimigle, the triangles AaK, AaF are similar to the 
diagonal triangle ; 

Therefore, in the triangle AaK, AK : a K : : •^ : V^ 
and in the triangle AaF, AF : a F : : •^ : •' 

But since the plane KAF is perpendicular to the 
plane of projection BFG, as is shown in the demon- 
stration. Proposition iv., and since Aa is (by Prop, iv.)- 
perpendicular to the plane BFG, a F is th^ projection 
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of AF, and aK the projection of AK. Hence the 
proposition is manifest. 

PROP- VI. 

The isometricals of any two lines are in the same 
ratio as the lines themselves. 

Ftff. 5, Plate X. 

For on the edge AB take any distance AC, and on 
the edge AG take any distance AD, and draw Cc 
and Dd parallel to Aa, meeting aB in c, and a(j 
in d. 

Since Aa is perpendicular to the plane BFG; 
therefore BFG may be the plane of projection ; but 
the planes AaB, AaF, AaG, are each perpendicular 
to the plane BFG, therefore aB, aF, aG, are respec- 
tively the projection of the conterminous edges AB, 
AF, AG. Moreover, ac is the isometrical of AG and 
a J of A D. 

u T? • •. /» TAG : AB :: ac : a B 

^yE"-«-^'P-^-tAD:AG(=AB)::«rf:aG(=aB) 

And by alternation (Eu. b. v. p. 16.) 

AC : a c :: AB^ a B 

AD: ad:: AB : a B 

hence a c : a d :: AC : AD. 

PROP. VIL 

The angles formed by the isometricals of three 
conterminous edges of a cube are equal to one another, 
and the sum of the three angles equal to four right 
angles. 

G 2 
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Fiff. a, Plate X. 
For aB, aF, aG are (by P. vi.) the isometricals of 
the three conterminous edges AB, AF, AG, and the 
angles BaF, FaG, GaB, are equal to one another, 
and at the same time equal to four right angles ; hence 
the proposition is manifest. 

PROP. VIII. 

In an ellipse^ which is the projection of a circle in 
one of the faces of the cube, the semi-axis major, the 
isometrical radius, and the semi-axis minor are to one 
another in the ratio of V\ V^, V^. 

Fig. 7, Plate X. 

Let RSTU be a circle in the plane of the face 
ABG or ABCG, and let A be the centre, and let 
the circumference of the circle intersect AB in R, and 
AK in S. Draw the radius AT parallel to BG, and 
draw Rr, &, Tt parallel to Aa ; then will r be the 
projection of R, # the projection of S, and t the pro^ 
jection of T. 

Since AT is parallel to BG, the projection a ^ of 
AT is parallel to BG, and equal to AT the radius of 
the circle ; and since AK and aK are perpendicular to 
B G, « ^ is perpendicular ioat\ hence a / is the semi- 
axis major, and a a the semi-axis minor, and a r the 
isometrical radius of the circle. 

By the triangle AaB, AR :a r :: ^^: a/^ 

And by the triangle A a K, A S(=AR) : a ^ :: v^ : v^ 

Let A R= V^; then will a r =3 \/*", and assz*/^ ^ 
hence AR, a r, a^, are in the ratio of v^, a/*", ^. 
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PROP. IX. 

To draw the diagonal triangle. 

Fig, 1, Plate XI. 

Draw the two right lines YX and YZ perpendicu- 
lar to each other. From the point Y with any con- 
venient distance, YZ taken on one of vthem, cut the 
other in the point v^ and from the same point Y, with 
the distance Zvy cut YX in X. Join XZ and XYZ 
is the triangle required. 

For if YZ, the side of a square^ be 1, then Zv^ the 
diagonal of the square, which will therefore be equal 
to 4/*", that is XY is equal to ^^; and, therefore, 
since in the right angled triangle XYZ the side YX 
is 1, and the side YX is equal to v^^ XYZ is the 
diagonal triangle. 

PROP. X. 

To find the isometrical projection of a ijircle, the 
isometrical projection of the centre, and that of the 
radius of the circle, being given. 

Fig. 2, Plate XL 

Let RS be the isometrical scale of feet. Let the 
diameter of the circle be 6 feet, and let a be the pro^ 
jection of the centre. 

Through the centre a draw the isometrical lines hg^ 
fi^ hc^ and draw de perpendicular to he. Take 3 feet 
from the scale RS, and apply it upon the side YX 
from Y to j9 of the diagonal triangle XYZ, Fig. 1. 
Draw jt)^ parallel to XZ meeting YZ in 9. From the 
centre a, with the distance />$, cut de m the points d 

g3 
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and e, again from a with the distance Y$ cut he in the 
points h and c. With the two axes de and he describe 
the ellipse hdce^ which will be the isometrical projec- 
tion of the circle required. 

PROP. XL 

To find the isometrical projection and the perspec- 
tive representation of a cube, the linear edge being 
given. 

Fig. 1, Pfofe XII. 

Assume any convenient point a for the projection 
of the centre of the cube, draw the right lines aK, 
v^L, aM, making angles of 120° with each other, 
make any one of them aK of any convenient length, 
and make any other of them ah equal to aK. Pro- 
long Ma to A, from the point P where MA intersects 
KL, make PA equal to PK or PL, and join AK. 

From the point A, with a length equal to the linear 
edge of the cube, cut A K in B, and draw B6 parallel 
to Aa, meeting aK in d. From the point a, with the 
distance ab^ cut aL in rf, and dyimf. Complete 
the parallelograms ahcd^ adefj afgby and the figure 
^hcdefg is the projection required. 

Draw aq parallel to KL, make aq equal to the li- 
near edge of the cube, and from the point K with the 
distance KA cut KL in p. Draw/?j cutting aK in 
b', from the point a with the distance aft', cut aL in 
/f, and aM in/*. Draw c?'K,/'K to the vanishing 
point K, ft'L, /'L to the vanishing point L. ft'M, 
rf'M to the vanishing point M, and the figure dUddJdfg, 
formed by the intersections of the lines drawn to the 
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points K, L, M, will be the isometrical perspective 
representation of the cube. 

The side of the cube thus perspectively represented, 
is one-half of the distance of the eye, so that if the 
distance of the eye were 6 feet, each side of the cube 
would be 8 feet. 

OBSERVATION. 

In order to render the process of proje(5tion evi- 
dent, make a M equal to a K or a L, and join LM 
and KM, then the triangle KLM will be equilateral. 
Prolong Ka to A', and La to A*'. l»et K A' inter- 
sect LM in Q, and X* A" intersect KM in R, Be- 
cause the angles of the equilateral triangle KLM, are 
bisected by the right lines Ma, Ka, La, those three 
lines produced will bisect the opposite sides KL, LM, 
KM, in the points P,Q,R, at right angles; hence 
PK, PL, QL, QM, RK, RM, are equal to one 
another, and PA was made equal to one of these 
equal lines; make QA' and RA^' each equal to the 
same length. Join AL, A'L, A'M, A"K, A^M, and 
the triangles KAL. LA'M, KA"M will be right-an- 
gled at the points A, A', A", and the sides AK, AL, 
A'L, A'M, A^K, A^M will be equal to one another. 
From A' with the distance AB cut the line AL in D^ 
and from A" with the same distance cut the line A"K 
in B". Upon AB describe the square A BCD, upon 
A'D' describe the square A'D'E'F, and upon A"fi'' 
describe the square A"B"G"F'. 

suppose this construction to be made upon thick 
drawing paper, and let the rectilineal figure KALA' 
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MA"K be cut out from the paper. By the edge of a 
ruler, and with a pointed instrum^it not quite sharp, 
draw the lines KL, LM, KM deeply impressed, but 
not cut through, so that the surfaces on each side may 
turn with ease. Revolve the triangles KAL, LA'M, 
KA"M upon KL, LM, KM until the points A, A', 
A'' coincide in one point A, and the figures KALA'M 
A"K will become a pyramid AKLM, of which the 
vertix is A, the base, the equilateral triangle KLM, 
and the sides isosceles triangles right angled at the 
vertix A, and, consequently, perpendicular to one 
another. The three squares ABCD, A'D^E'F, 
A"B"G"F' will form the three faces of a cube, of 
which the vertix is A, and the figures abed, adefy abgf 
will be the projections of these squares ; and, conse- 
quently, the entire figure abcd^ the projection of 
the cube. 

In regard to the perspective representation, die 
plane of the picture is the plane of the equilateral 
triangle KLM, the point of sight is the vertix A of the 
pyramid, the centre of the picture is the point a in 
which the isometricak of the three conterminous edges 
meet each other. The three planes or faces which 
terminate in A, the vertix of the pyramid, are not 
three conterminous faces of the cube, as in the case 
of the isometrical projection, but are in planes parallel 
to these faces of the cube ; hence the sides KL^ LM, 
KM, of the equilateral triangle KLM are the vaaish- 
ing lines of the three conterminous faces, and K^ L, 
M, are the vanishing points of the three conterminous 
edges; the real cube being supposed to be behimi 
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the picture, and to have its vertix ih the centre. 
Hence, the representation may be found by the com- 
mon principles of perspective. 

In order to conceive how isometrical projection may 
be applied to represent objects situate upon the plane 
of the horizon, we have only to imagine any one of the 
three faces of the pyramid which contains one of the 
faces of the cube to coincide with the plane of the 
horizon, th^i the faces of the cube adjacent to its 
base will become vertical ; and, consequently, the 
upper surface parallel to the horizon, and the jdane 
of projection, which contains the equilateral tri- 
angle KL M, wiU make an aligle with the plane of 
the horizon equal to 54"" 44/, as we have before 
stated. 

Pig. 2, Plate XII., is a scale one quarter of an 
inch to a foot. 

Figures 3, 4, 5, exhibit the representation in per- 
spective of a cube 3 feet in each of its linear dimen- 
sions. In Fig. 3, the distance of the eye is IS feet ; 
in Fig. 4, 24 feet j in Fig 5, 48 feet. Fig. 6 exhibits 
the square of one of the faces of the cube j and Fig. 
7 is the isometricd projection of this cube. All these 
figures are proportioned by the scale Fig. 2. Fig. 8 
exhibits the same representations as in Figures 3, 4, 
5, and 7» with ibe addition of another perspective re- 
presentation viewed at the distance of 6 feet, all con- 
tained within one another. The continued approach, 
as the distance from the eye to the picture is increased, 
of the perspective representations towards the isome- 
trical projection is obvious. But to render this st31 
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more so to the understanding, the length of the linear 

side of the cube in perspective 

Viewed at 6 feet distance, is 1*900* feet, 

at 12 ... ^-140 

at 24 ... 2-284 

at 48 ... 2-S64 

at 96 ... 2-406 

at 198 .- 2-427 

The length of the isometrical edge of the cube will 
be found to be 2-449 feet (see note) ; the differences 
between this length and the successive pen^ediive 
lengths will, therefore, be -549, -309, '155, -085, -045, 
•022 decimal parts of a foot. Since this series of dif- 
ferences is continually approaching to a geometrical 

♦ When the distance ci the picture is 1^ the distance between 
the eye and each vanishing point is iv/^=l*732054 and the distance 
between the centre of the picture and each vanishing point is \/^= 
1*41421. Therefore these numbers, being multiplied by the dis- 
tance of the eye in feet, jrards, &c., will give the (^stances from the 
eye^ and from the centre of the picture to each vanishing point in 
feet Thus, 

Diitatux qftke 
vanishing Foint 

{6 X 1 -73205 = 10-39230 feet from the eye. 
6 X 1-41421 = 8-48526 feet from the centre of the picture. 

{12 X 1-73205 = 20-78460 feet from the eye. 
12 X 1-41421 = 16*97052 feet from the centre of the picture. 

C 24 X 1-73205 = 41*96920 feet from the eye. 

I 24 X 1-41421 = 33*94104 feet from the centre of the picture. 

r 48 X 1-73205 = 83-13840 feet from the eye. 

I 48 X 1-41421 = 67-88208 feet from the centre of the picture. 

{96 X 1-73206 = 166-27680 feet from the eye. 
96 X 1*41421 = 135*76416 feet from the centre of the picture. 

r 192 X 1*73205 = 332-55360 feet from the eye. 

1 192 X 1-41421 = 271-52832 feet from the centre of the picture. 
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progression, in which the last term will be half of the 
preceding one, we may easily anticipate the differ- 
ence between the isometrical length of the edge of the 
cube and the perspective length at double the last 
distance of the eye, by the simple operation of taking 
the half of the last difference. Hence the difference 
between the isometrical edge of a cube, 3 feet in each 
dimension, and the perspective length of the edge, 
when the distance of the eye is 384 (=2x192) feet, 
is '011(=•022-^2) decimal parts of a foot ; and if the 
distance of the eye were 768 (=s2xS84) feet, the dif- 
ference would only be '005 (=*011-^2). Hence the 
difference between the isometrical edge of a cube, 3 
feet in dimensions, and the perspective edge, when 
the distance of the eye from the picture is 768 feet. 

Then to find the length of each of the edges add 3 feet, the side 
of the cuhe, to the distance between the eye and each vanishing 
point ; then, by the principles of perspective, as the distance thus 
increased is to the distance between the centre and the vanishing 
pointy so is 3 feet, the linear side of the cube, to its perspective 
length. Hence, 

13*39230 : 8*48526 : : 3 : the perspective length. 
23-78460 : 16-97052 : : 3 
44*56920 : 33*94104' : : 3 
8613840 : 67-88208 : : 3 
169-27680 : 135*76416 : : 3 
335*55360 : 271-52832 : : 3 
These computations being made, we obtain 1'900> 2-140, 2*284, 
2-364, 2-406, 2-427 feet, the perspective lengths of the edges. 
To find the isometrical length of each edge of the cabe, 
V* : V^ : : 3 : the isometrical length. 
Or, 1-73205 : 1-41421 : : 3 : the isometrical length of edge. This 
being found, will be 2*449> nearly. 
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is only Y^ part of a foot, or ^to P^rt of an inch, 
Her^ we have only extended the decimals to third 
place of figures, presuming this number, in a practical 
illustration, will be sufficient. 

The perspective representation of the cube will al- 
ways be greats, as the distance of the eye is greater ; 
but can never be increased so as to become equal to 
the isometrical projection ; but if the isometrical pro- 
jection were diminished in the smallest degree what- 
ever, the perspective representation could thus be 
made to exceed it in magnitude* 

PRINCIPI.ES OF PRACTICE. 

To make isometrical drawings of extensive grounds, 
containmg buildings or other works of art, plantations, 
&c., we must imagine a horizontal plane, at a conve- 
nient distance, under the surface of the earth, and this 
plane to be reticulated with squares of a convenient 
size, we shall suppose, for the sake of easy reference, 
that the right lines forming these squares are parallel 
and perpendicular to a meridian line, and the cube to 
be placed upon the horizontal plane, with the sides of 
its base parallel to the sides of the reticulated squares. 
Then the diagonals of the cube will make angles with 
the plane of the horizon equal to 36^ 16' nearly, and 
will either point to the north-east, nortb-west, south- 
east» or south-west : we shall suppose that the plane 
of projection is perpendicular to the one pointing to 
the south-east, or to the other pointing to the south- 
west, then the plane of projection will decline 45** to 
the east or to the west, according as the diagonal 
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6f the cube points to south-east or south-west* All 
upright or vertical lines in space will be represented 
by lines perpendicular to the base of the drawing } 
but the isometrical horizontal lines will vary their 
places on the right or left according to the declination 
of the plane of projection. 

By means of the assumed horizontal plane, the 
artist will be enabled to exhibit objects and excava- 
tions both above and below this plane, and to show 
their real heights and depths according to any stand-* 
ard measure from the surface of the earth itself, as^ 
also their position on the horizontal plane. 

The angle formed by the isometricals of any three 
conterminous edges being equal to one another, and 
their sum equal to four right an^es, each ef these 
angles will be ISC' . Hence, if one of the isometricals 
be assumed, and a circle be described from any con* 
venient point in this line cutting the line, and witli 
the extent of the radius, from the point thus cut, the 
circumference be again cut on each side of it, right 
lines drawn from the centre through each of these 
points, and the isometrical before assumed, will divide 
the circumference of the circle into three equal parts. 
Since all the edges of a solid contained under rectan- 
gular planes sure all parallel to the three edges of any 
solid angle, and since the projections of parallel lines 
are also paitallels, having drawn the three first isome- 
tricals> every line in the representation will be parallel 
to one or other of these three lines, and may there- 
fore be drawn by a parallel ruler. 

The isometricals of any two edges of the solid being 
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in the. ratio of the edges themselves, the lengths of 
the isometricals may be proportioned by a scale of any 
convenient length, so that all lines in the drawing will 
have the same proportion to one another as the edges 
of the object. Hence if we suppose the scale to be 
equal to that of the object to be represented, every 
isometrical will be of the same length as that of its 
corresponding edge. 

For though, in reality, with regard to the object and 
its projection, the isometricals are less than the cor- 
responding original edges in the ratio of \/ "* to \/"^, 
and though in making the design of an object isome- 
trically, it is generally found convenient to represent it 
by a scale much smaller than that by which it is in- 
tended to execute the object ; yet this relation has 
nothing to do with the design, as the work may be 
executed from the drawing according to the intention 
of the designer. 

ELUCIDATION OF THE PRACTICE OF ISOMETRICAL 

DELINEATION, 
WITH A DESCItlPTIOM OF 

AN ISOMETRICAL PROTRACTOR, AND ITS APPLICATION* 
DEFINITIONS OF LINES AND ANGLES. 

1. An ISOMETRICAL LINE coiucidos with, or is pa- 
rallel to, the edges of a cube viewed from an infinite 
distance in the direction of the diagonal of the cube 
produced. 

2. An iN-isoMETRiCAL LINE is the projection of a 
right line not parallel to an isometrical line, situated 
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in one of the three conterminous faces of the solid*, 
or in any plane parallel to these faces. 

3. An ouT-isoMETRiCAL LINE is the projection of a 
right line in space not parallel to any of the three con- 
terminous planes. 

4. An ISOMETRICAL ANGLE is ouc of which the con- 
taining sides are both isometrical Unes. 

Hence no angle can be an isometrical angle, unless 
it is the projection of a right angle. 

5. An iN-isoMETRiCAL ANGLE is the projection of 
an angle in any of the three conterminous faces of the 
solid, or in any plane parallel to these faces. 

6. An ouT-isoMETRicAL ANGLE is the projection of 
an angle in a plane perpendicular to one of the three 
conterminous faces, but not parallel to any one of 
them. 

7. A RIGHT-HAND ISOMETRICAL is an isomotrical 
line in the drawing running obliquely upwards towards 
the right hand. 

8. A LEFT-HAND ISOMETRICAL is an isomotrical line 
in the drawing running upwards towards the left hand. 

CONSTRUCTION OF THE ISOMETRICAL PROTRACTOR. 

Fig. 3, Plate XL, is the isometrical protractor, of 
which the construction is as follows : — Upon any con- 
venient indefinite right line, Fig. % Plate XV., and 
from any point in the line, with the length of the tan- 
gent of 45% cut the line on both sides of the point. 
(The tangent line used for this purpose ought to be 

^ See definitions, page 78. 
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taken from a weH-divided scale.) Upon the whole 
extent of the line describe an equilateral triangle on 
each side of it, and the rhombus, including the areas 
of the two trian^es, is an isometrical square, of which 
the common base is the shorter diagonal. Draw the 
remaining longer diagonal, which will intersect the other 
at right angles. 

If the axis minor of the ellipse be determined upon 
the shorter diagonal, by placing the semi-axis upon 
each side of the centre, the longer axis may be found 
as follows : — From the centre O with the length of the 
semi-axis minor, cut the longer diagonal, and from the 
same point O with the distance between the point of 
section and the extremity of the shorter axis, cut the 
longer diagonal in a second point, then the distance 
between the second point of section and the extremity 
of the shorter axis is the semi-axis major. Hence from 
the centre O with the semi-axis msyor cut the longer 
diagonal on each side of the centre, and the distance 
between the points of section is the greater axis. 
Upon the two axes describe the ellipse, which will be 
the isometrical projection of a circle. The two dia- 
meters, AB and CD, which are parallel to the sides 
of the isometrical square, are called the isometrical 
DIAMETERS of the circlo. Then describe the two inner 
curves which comprise the divisions for the degrees. 

Through the centre O draw two right lines parallel 
to the sides of the rhombus ; these right lines will bi- 
sect the sides of, and each part will be equal, to half 
the shorter diagonal. 

From the bisecting point, on each side of it, with 
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the consecutive tangents from 1 to 45 taken from the 
before-mentioned scale, cut each side of the rhombus 
successively. Place a straight edge upon the centre 
O, and each point of division in each of the four sides 
of the rhombus, and mark the short hues of division 
between the two outer curves, and between the sin^e 
degrees and the lines between the two inner curves, 
and between every ten degrees. When the divisions 
are all graduated, write upon every consecutive 10th 
degree from A to C, from B to C, from A to D, and 

from B to D, the numbers 10% 20% 30% 90^^ ; 

also from D to A, from D to B, from C to A, and 

from C to B, write 10% 20% 30% 90% which, 

when done, will complete the construction. 

Fig. 4, Plate XL, is another isometrical protractor, 
in which the line AB is applied upon both right and 
left isometrical lines. 

The diameters AB and CD of the ellipsis forming 
the boundary of the protractor, are called its isometri- 
cal DIAMETERS. All Other diameters are called in- 
isometrical diameters ; an isometrical radius is the 
half of an isometrical diameter, and an in-isometrical 
radius is the half of an in-isometrical diameter. 

In making surveys by means of a circumferentor or 
magnetic compass, the position of every horizontal 
line whatever is ascertained by means of a meridian 
line ; hence the angles which horizontal lines make 
with one another may be found from the angles which 
each of these lines makes with a meridian. Therefore, 
in isometrical drawings, it will be eligible to chose one 
of the isometrical lines for an isometrical meridian, and 

H 
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to prevent those mistakes which would arise by taking 
a right or left-hand isometrical line at pleasure, we 
shall adopt the right-hand line to be used as a me* 
ridian, which will be found sufficient to delineate iso* 
metrically all angles whatever situate in a horizontal 
plane, without having regard to the left-hand line» 
However, with respect to the delineation of angles 
which represent angles in a vertical plane, right and 
left-hand isometricals must be used occasionally, ac* 
cordingly as the planes containing these angles are on 
the right or left hand. 

PROP. XIL 

To draw an isometrical line from a given poinl„ 
making an angle with an isometrical meridian, which 
shall be the projection of a right line on a horizonte! 
plane perpendicular to the real meridian. 

Place the isometrical diameter AB of the protractor 
under which is written right-hand line horizontai* 
PLANE, upon the meridian with the centre O upon the 
given point, and mark a poii3i<j9St:||i6 paper close to 
the curved edge at 9<%*^:^^<^ having removed the 
protractor, draw a right line from the given point to 
the point at 90, and this right line will represent the 
perpendicular required. 

PROP. XIII. 

To draw an isometrical line from a given point, 
making an angle with an isometrical meridian, which 
shall be the projection of a right line perpendicular to 
a horizontal plane. 
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Place the isometrical diameter CD of the protractor, 
under which is written right-hand line vertical 
PLANE, upon the meridian, with the centre O upon 
the given point, and make a point on the paper close 
to the curved edge at 90. Then, having removed the 
protractor, draw a right line from the given point to 
the point at 90, and this right line will represent the 
perpendicular required. 

PROP. XIV. 

At a given point in, and with a given isometrical 
meridian, to delineate an angle, which shall represent 
an angle in a horizontal plane containing any given 
number of degrees. 

Place the isometrical diameter AB of the protractor 
upon the isometrical meridian, with the centre O up^ 
on the given point, observing that if, in taking the 
angle, the original line be on the west side of the 
meridian, the line to be drawn must be placed above 
the isometrical meridian ; but if the original line be on 
the east of the meridian line, the line to be drawn must 
be placed below the isometrical meridian ; and if the 
acute angle made by the original line and the meridian 
be on the north, the degrees on the isometrical pro* 
tractor must be numbered from the end B of the iso* 
metrical diameter pointing to ihe north ; but if the 
acute angle made by the original line and the meridian 
be south, the degrees of the isometrical protractor 
must be numbered from the end A of the isometrical 
diameter pointing to the south. The position of the 
isometrical angle being thus fixed, draw a curve line 

h2 
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along that part of the graduated edge which contains^ 
the degrees of the acute angle required to be deli- 
neated. Having removed the instrument, draw a right 
line from the given point to the extremity of the curve 
in which the number of degrees required terminate^ 
and this line will make the required angle with the 
isometrical meridian. 

PROP. XV. 

At a given point in, and with a given isometrical 
meridian, to delineate an angle which shall represent 
an angle in a vertical plane containing any given num- 
ber of degrees. 

Place the isometrical diameter CD of the protractor 
upon the isometrical meridian with the centre O upon 
the given point, observing that if, in taking the ori- 
ginal angle (which is always acute), the original line 
which m^kes the angle with the meridian, be on the 
north, the degrees to be taken by the isometrical pro- 
tractor must be those numbered from the end D of 
the isometrical diameter pointing to the north ; but, 
on the contrary, the degrees must be numbered from 
the end C pointing to the south. The position of 
the line forming the required angle with the isometrical 
meridian being thus fixed, draw a curve line along 
that part of the graduated edge which contains the num- 
ber of degrees of the angle required. Then having re- 
moved the instrument, draw a right line from the given 
point to the extremity of the curve in which the num- 
ber of degrees required terminate, and this line will 
make the required angle with the isometrical meridian. 
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ISOMETRIC AL PROJECTION. KH 

PROP. XVI. 

An in-isom€Jtrical angle, and the curve which is the 
projection of an arc comprised by the two sides of the 
angle, being given, to find upon the in-isometical side 
from the vertex a projected distance of 10, 20, 30, &c. 
feet, yards, chains, &c. 

Prom the vertex with the distance required (of 10, 
20, 30, &c. feet, yards, chains, &c.) taken from the 
isometrical scale, cut the isometrical side of the angle 
through the point of section, draw a right line parallel 
to a right Hne or chord joining the extremities of the 
curv« to cut the in-isometrical side, and the distance 
intercepted upon this «ide between the vertex and the 
point of section IS the projected distance required. 

By this means any length may not only be pro- 
jected, but a scale may be made, which scale will give 
any number of feet, chains, &c., upon the in-isome- 
trical line. 

To find the scale by the proportional compasses. 

Set the distance between the points at one end, and 
the distance between the points at the other end, so 
that these two distances may be in the ratio of the 
isometrical radius to the in-isometrical radius, observ- 
ing, that if the isometrical radius be greater than the 
in-isometrical radius, the longer ends of the compasses 
must be adapted to the isometrical scale, but if less, the 
shorter ends must be adapted to the isometrical scale. 

If the scale on the line of lines in the sector can be 

conveniently used as an isometrical scale, the scale for 

the in-isometrical line may be found in the following 

cnanner. Upon the line of lines set the isometrical 

h3 
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radius from the centre of the joint, observing the divi- 
sion upon each bar upon which the extreme point of 
distance falls, contract or enlarge the angle of the 
sector until the distance between the observed points 
is equal to the in-isometrical radius, and the parallel 
distances between the like numbers 1-1, 2-2, S-3, &c. 
will represent 1, 2, 3, &c., or 10, 20, 30, &c of the 
scale adapted to the in-isometrical line. 

EXAMPLES- 

Ex. 1. Delineate a crooked line of road-way, of which 
its different bearings and lengths in its consecutive 
rectilineal parts are N* 15° W, 280 chains^-~N* 60°K, 
600 chains, and N. 25** E, 550 chains respectively* 

Let A, Fig. 1, Plate XIIL, represent the point of 
comtnencement of the operation. Draw AN for api 
isometrical meridian, the point N representing the 
north of the point A. Now observing that in this ex- 
ample AN and all its parallels are right-hand isome- 
trical lines, therefore, in protracting the angles of the 
various bearings, the edge AB of the isometrical pr<^ 
tractor, under which is written eight hand mm 
HORIZONTAL PLANE, must be the isometrical diameter 
of the protractor which is to be applied upon these 
parallels ; and since the bearings are all north decline 
ing to the east or west, the degrees must be numbered 
from the north end B along the curved edge above Or 
below the isometrical meridian, accordingly as the de- 
clination is west or east. 

Place the centre O of the protractor upon A, and 
the isometrical diameter AB upon AN in the drawing, 
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and above AN describe the curve i n between the 15th 
degree and the point B at zero, or nothing. Having 
removed the protractor, draw right line At, and from 
(he point A with ^he distance of 280 chains cut AN 
at A. Join i n and draw /iB parallel to n i, meeting 
Aiat B ; then AB will represent a distance of 380 
chains bearing N. 15** W. 

Proceed again, and draw the right line Bn' parallel 
to AN for a new isometrical meridian* Place the 
centre O of the protractor upon B, and the isometri- 
cal diameter AB upon Bri in the drawing, and below 
B» describe-the curve n7 between ^ extremity B at 
zero and the 60th degree at /. Draw 4he right line 
6/ ; from B with the distance of 600 chains cut Bn' 
at ^ ; draw k C parallel to n7 meeting B/ at C, and BC 
represents a distance of 600 chains bearing N. 60° E. 

In the same manner, by drawing Cn" parallel to AN, 
we diallhave ibe position and length of the line CD, 
luod so oxk. 

Ex. 2. Describe isometrically a tK)undary consisting 
of ten sides of an enclosed space, the bearings and 
lengths^ successively, of nine sides being respectively 
N. 25° E, 150,— N. 75° E., 200,— S- 60° E., 100,— di- 
rect south 250,— S. 30° E., 800,— S- 45° W,400,— S. 
80° W., 350,— N. 50° W., 400,— and N. 20° E., 550. 

Proceed with this example in the same manner as in 
the preceding, observing that the meridian AN and 
its parallels are right hand lines 4 and, therefore, 
the isometrical diameter AB is applied as in the 
preceding example. The enclosure, drawn accord- 
ing to the bearings and the measures of its sides, 
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is exhibited in Fig, 2 geometrically, and in Fig. 3 
isometrically. 

In practical surveying, the bearing of the tenth side 
would also be taken by the instrument, and the distance 
measured, which being protracted in the usual manner, 
would be a test of the accuracy of the survey ; but in 
a theoretical point of view, the last line need not be 
measured, but may be calculated to a greater degree 
of minuteness than the imperfection of mechanical 
drawing will admit of ; and as an instance of this mode 
of calculation, an example is annexed of the survey 
of a space enclosed by right lines, in which the bearing 
and distance of the last line are not given. When an 
enclosure has many sides, it is difficult to find the 
position of the point between the last line but one and 
the last line itself. The best check for this purpose is, to 
consider every enclosing line as the hypothenuse of a 
right-angled triangle, of which one of the sides containing 
the right angle is parallel, and the other perpendicular 
to the meridian. For if the sides of all the triangles 
be found successively and consecutively, the difference 
between the sum of all the sides which are parallel to 
the meridian in the contrary directions, will show 
whether the point arrived at is on the north or south 
of the point of commencement, and the difference 
between the sum of all the sides which are perpendi- 
cular to the meridian in contrary directions will show 
whether the point arrived at is on the east or west side 
of the meridian, passing through the point of com- 
mencement. The two differences thus found are 
evidently the two sides containing the right angle of a 
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right-angled triangle, of which the hypothenuse is the 
last side of the figure, and the two sides are parallel 
and perpendicular to the meridian. Hence, by the 
47th proposition of Euclid, the length of the last side 
may be ascertained, and the bearing will be found 
by trigonometry. ^ The methods for computing the 
sides of these triangles are as follows. The general 
name of the side of every triangle in the meridian, or 
parallel thereto, is called the difference of latitude^ and 
the general name of the side of every triangle which is 
perpendicular to the meridian, is called the departure. 

It will be necessary to observe, that in making such 
a survey, a meridian is supposed to pass through the 
extremity we first arrive at of every line in our progress 
of going round; this point is called the point of 
observation. The difference of latitude, if north of the 
point of observation, is called a northing ; if south of 
the point of observation, is called a southing ; and the 
departure, if east of the meridian, is called an easting^ 
and west, a westing. The angle at the point of obser- 
vation, is called the hearing^ and the hypothenuse of 
the triangle is called the distance. 

The sides of these triangles may be found by a table 
of the difierence of latitude and departure, such as are 
generally inserted in books of navigation ; or if such 
tables are not at hand, or are not sufficiently extensive, 
we must have recourse to trigonometry and logarithms, 
as follows : — 

] St. log. diff. lat. =: log. cos. bearing + log. distance — 10 
2nd. log. departure = log. sin. bearing + log. distance — 10. 

To apply these two theorems in finding the differ- 
ence of latitude and departure of the first side of the 
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figure, of which side the bearing is N. 25"^ £.» and the 
distance 150. In each of these theorems for bearing 
substitute 25% and for dist^^ce substitute 150, and 
they become 

log. dift lat - log. COS. 35"* + log. 150—10. 
1<^. depattuieslog* ftin. 25^ + log. 150-^10. 

Hence by a table of logarithms find the sine and 
cosine of 25, and the logarithms of 1 50 ; and substi- 
tute these values respectively, for sine 25*, cos. 25% 
and 150 in the two last equations ; and we have 

log. diff.lat. z= 9-957276 + 2-176091—10 = 2133367^= log. 135-9 
and log. dep. = 9-625948 + 2-176091— 10 =: 1-802039 =ilog. 63 4 

The remaining numbers may be computed in the 
same manner. The bearings and distances, and the 
results, are here arranged in the following traverse 
table, in columns under bearings, distances, northings, 
&c., and the sum of the numbers in each column is 
placed underneath. 





Differences ef Lat. 


Departures. 


No. 

1 


Bearings. 


DUi. 

150 


NorMnga. 


SeutMnge. 


Eastings* 


Westings. 


N. 26' E. 


135*9 




63-4 




2 


N. 75* E. 


200 


61-8 




193 2 


'•«.*•• 


8 


a oo*£ 


100 




50^ 


86*« 


..•••• 


4 


South. 


250 


••• .«. 


2500 






$ 


S. 30* E. 


SOO 




^98 


150^ 


•«««•« 


6 


S. 45" W. 


400 




283-5 




2835 


7 


S. 80' W. 


350 




00*8 




344-7 


8 


N. 60' W. 


400 


257-2 






3065 


^ 


N. 20* E. 


350 


328^ 




119-7 




773-8 


9041 i 


6129 


934-7 



773-8 612 9 



130-3 



321-8 



The differences ISO'S and SSI'S are the sides con- 
taining the right angle of the last triangle next to the 
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point of commenc^nent. Hence the hypothenuse of 
this triangle is equal to the 

^ |(130'3)*+ (3S1-8)* \ nd47l the lefigth of the 10th line. 

The difference 130*3 below Uie column under 
southings, shows the extremity of the 9th side to be 
130*3 on the south of the point A of commencement, 
and the difference 321*8 below tiie column under 
westings shows th^ the same point or extremity is 
321*8 on the west side of the meridian passing through 
the point A. Hence by trigonometry and logarithms 
we have 

log. tan. bear* =3 log« departure + 1<^. rad* --^ log. 
dif. lat. and by substitution 

log# tad. bear, s log. 321*8 4* 10 — log. ldO'3 

=s 2-507586 4- 10 — 2-114944 
=3 10-392642 =£ log. tan. 6?** 58' 

Hence the bearing and distance of the last line J A 
is N. 67^ 58' E. 347-1. 

Ex. 3. Draw the representation of a rectangular 
house with a regular hipped roof and a chimney shaft 
in the centre ; the front having a southern asp^t, the 
roof an inclination of 25"", the length of the front being 
80 feet^ the length of the end 18 feet, the height of 
the wall 14 feet, the hei^t of the chimney above the 
apex of the roof 3 feet, the breadth 5 feet, and the 
thickness 2 feet. 

Let d, Fig. 1, Plate XIV., be the projection of the 
nearest point of the plan of the building. 

Draw a h parallel to the meridian line, SN, draw 
the isometrical line a c, making an angle with ^ & to 



108 ISOMETRICAL PROJECTION. 

represent a perpendicular to the meridian (by Prop, 
XI I.) and draw the isometrical line a d, making an 
angle with a b to represent a right line perpendicular 
to the horizon (by Prop. XIII.) Make a c equal to 
SO feet, a b equal to 18 feet, and a d equal to 14 feet. 
Complete the parallelograms a d ec^ a d fbj d e gf. 
Prolong a 6 if necessary to a?, and make the angle xatf 
(by Prop. XV.) to represent an angle in a vertical 
plane of 25"*, the inclination of the roof. 

In order to guard the reader against a misapplica- 
tion of scales, it will not be superfluous to observe, 
once for all, that all dimensions are taken from the 
isometrical scale, unless otherwise mentioned. This 
scale is invariable. The dimensions of in-isometrical 
lines must be taken from an in-isometrical scale, and 
the dimensions of out-isometrical lines from an out- 
isometrical scale. These two scales will vary accord- 
ing to the position of the lines, every one requiring a 
particular scale of its own. 

In order to represent the part of the chimney above 
the roof. Since this part is required to be in the mid- 
dle, and since its thickness is two feet, the distance of 
each of the faces perpendicular to the front wall from 
each end or flank will be 14 []= ^ (30 — 2)] feet ; 
and therefore, m d e make d h equal to 14 feet, 
and draw h i parallel to df^ meeting/^ in ^. In h i 
make h k equal to 9 feet, half the breadth of the 
building. Draw k o parallel to a rf, and h I parallel 
to a y, meeting ^ o in /. Join / e, and hit represents 
the profile of the roof in the plane of the chimney 
parallel to the end represented by a dfb. Through 
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/ draw m n parallel to g f ox e d. Now since the 
length of the house is 30 feet, and the breadth 18 feet, 
the length of the ridge is 12 feet (= SO — 18). Since 
the point represented by I is one foot nearer to the 
end represented by a d f b than the middle of the 
thickness of the chimney, make / m equal to 7 feet, 
and / n equal to 5 feet. Drawm^, me^ndy and »^ 
which will represent the hips. Make / o equal to 3 
feet, through o draw p q parallel to h e, and make o p 
and o q each equal to 2 feet 6 inches, half the breadth 
of the chimney. Draw puj qt parallel io d a meet- 
ing hlmu and / i in t. Parallel to m n draw u r, 
JO r, qs. Make u v equal to 2 feet. Complete the 
parallelograms upr v, r p qsy and the entire figure 
is the isometrical delineation of the house. 

PROP. XV. 

To draw an out-isometrical line, making an angle 
at a given point with a given in-isometrical line, to 
represent a given angle in a vertical plane, and to find 
any projected distance, as 10, 20, 30, &c., feet, yards, 
chains, &c., upon the out-isometrical line. 

Let / ty Fig. 2, Plate XIV, be the given in-iso- 
metrical line, and let / be the given point. 

Draw / r parallel to the isometrical meridian S N. 
Place the isometrical diameter AB of the protractor 
upon I r with the centre O upon /, and draw the curve 
line r t (as in Prop. XIV), representing an arc of a 
circle in a horizontal plane, of which the centre is the 
point represented by /. Next place the diameter C D 
pf the protractor upon the same line / r, and the centre 
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O upon /, and draw the curve line r s (as in Prop. 
XV.X po that this curve may represent an arc of a 
circle in a vertical plane^ of which the centre is the 
point represented by /, Draw the right lines r t and 
r 9, Draw an isometrical line to represent a perpen*- 
dicular to the horizontal planet ^nd draw s u parallel to 
this line, meeting Iru, draw u v parallel to r t^ meet- 
ing // at «^, and draw v w parallel U>U9. Make v w 
equal to fi ^ and join Iw^ and / / ^ is the angle required. 

For since / r and / * are the projections of equal 
lengths, and since « * is the projection of a right line 
perpendicular to the line represented by / r, / u ia 
the projection of the cosine, and # ii the projection of 
the sine, to the radius of which the projectioii is / ^ ; 
and since / r and /^ are the projections of equal 
lengths, any right line parallel to r ^ will cut / r and 
and / 1 into distances from /, which are the projections 
of equal lengths ; b^^ce / u and / v are the projections 
of equal lengths, and since / 1^ ^ is the projection of a 
right an^, and since v w \s equal to ^ ^, the right 
lines / 9 and / w are the projections of equal lengths, 
and the angles ul$ and v I w are the projections of 
equal angles. 

Moreover, because a ^ is parallel to r «, the right 
Unes / a and / b are the projections of equal 
lengths, and since / $ and / w are the projections of 
equal lengths, / b and /c are the projections of equ^ 
lengths. 

Join r 9 and / $. Take the length required from 
the isometrical scale, and set the extent upon / r from 
/ to ^, and draw a b parallel to r s, meeting I s inb. 
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Draw b c parallel to 9 Wj meeting IwinCj and / c is 
the distance required. 

EXAMPLE. 

Draw the representation of a house the same in all 
respects as that described in page 107, except in re- 
gard of the aspect, the front being south declining to 
the west 70 degrees. 

In the delineation of the object according to the 
aspect given, the vertical lines will only be isometri- 
cal ; hence the dimensions of the delineation of the 
plan must be taken from two scales which not only 
differ from each other, but also from the isometrical 
scale. 

Draw the right line p r, Fig. S, Plate XIV., pa- 
rallel to the meridian S N, and in pr take any con- 
lenient point /. Place the isometrical diameter AB 
of the protractor upon p r, with the centre O upon /, 
draw the curves pq^ r tj upon the curve p q mark the 
point q at 70 from J9, and upon the curve r t mark the 
point * at 20 (= 90 — 70) from r. Join / q and / #, 
and draw the chords pq, rt. Upon / r and Ip make 
I Ojl o each equal to 10, make /-lO, ^10 each equal 
to 20, and in / J9 make /-20 equal to 30. These di- 
m^isions being all taken from the isometrical scale 
RS. Parallel io p q draw 0-0, 10-10, 20-20, &c., 
meeting / ^ in the points Oj 10, 20, &c., and parallel 
to r ^ draw 0-0, 10-10, &c., meeting / ^ in the points 
0, 10, &c. Then the lengths of all the in-isometrical 
lines which represent the right lines that are parallel 
to each other in the front and roof, and also parallel 



112 ISOMETRICAL PROJECTION, 

to the horizon will be found by the scale / g' to which 
these lines are parallel, and the lengths of all the in- 
isometrical lines which represent the right lines that 
are parallel to each other in the flank and on the roof, 
and also parallel to the horizon, will be found by the 
scale / ^ to which these lines are parallel. 

Make the angle t Iw (by Prop. XV.) with the in- 
isometrical line / ^ to represent an angle in a vertical 
plane equal to 25° ; the same letters of reference being 
used as in Proposition XV. 

Let a J Fig. 4, be the projection of the nearest 
point of the plan of the building. Draw a c and a b 
respectively parallel to / g' and / ty Fig. 3. Make 
a c equal to 30 feet from the scale / g, Fig. 3, 
,and a b equal to 18 feet from the scale / t^ 
Fig. 3. Draw the isometrical line a d io make 
an angle with a bj to reprepresent a right line 
perpendicular to the horizon, and make a d 
equal to 14 feet from the isometrical scale RS« 
Complete the parallelograms a d e Cj a d f b, 
d e gf^ which represent the faces of the walls. In d 
e make d h equal to 14 feet from the scale / q^ Fig. 
3. Draw h i parallel to dfy meeting/^ in ij and in 
h i make h k equal to 9 feet from the scale Isy Fig. 3. 
Draw k o parallel to a e/, and h I parallel to / tr, Fig. 
3, meeting k o'mh Join I i. Through / draw m n 
parallel to gf, make Im equal to 7 feet, and In equal 
to 5 feet, both from the scale / q^ Fig. 3. Draw the 
right lines m g^ m ey n d^ n f. Make / o equal to 3 
feet from the isometrical scale, and through o draw p 
q parallel to / Sy Fig. 3. Draw u Vyp Vy q s parallel 
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to / qy Fig. 3, and make p r equal to £ feet from the 
scale Iq^ Fig. S. Complete the parallelograms uprv^ 
q p f* ^9 and the entire figute is the projection re- 
tjuii'ed. 

PROP- XVI L 

Given the ceAtre of an ellipse, which is the isomer 
bricdi projection of a ciVcle, and the isometrical r^iud 
of tiie circle, to describe the ellipse, so that the iximoft 
axis ibay fell lipon a giv^i indefinite right line; 

Let i>, Fig. 1^ Pliate XV., be the given centre^ and 
IJ the given indefinite right line. 

Through o draw EF perpendicular to IJ. Place 
the tninor axis of the ellipse, forming the surrounding 
edge of the protmctor, upon the given indefinite right 
line IJ, and the extremities of the major axis upon 
EF; then upon the drawing mark the extremity of 
any isometrical diameter at G, and also mark the two 
extremities of the two axes at E and H with the 
some letters as are upon the instrument. Remove 
the protractor, and join the middle point C to each 
of the two extreme points E and H. Draw two 
right lines oC and (?E. From the centre o with the 
given isometrical radius cut oC hi k^ and through k 
draw k I parallel to CE, meeting e>E in /, and draw 
k m parallel to CH, meeting oH in m. Prolong m o 
to pi and / o to n. Make o n equal to o /, and dp 
equal to o M. Upon the two axes I n and p m des- 
cribe the ellipse Imnp, which is the projection of the 
circle required. 

I 
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EXAMPLE. 

Let it be required to describe an ellipse, which 
shall be the isometrical projection of a circle 10 feet 
diameter, upon a given centre, and its minor axis up- 
on a given indefinite right line. 

Proceed with the instrument as before, and having- 
removed, it, make k equal to 5 feet. Draw k I pa- 
rallel to CE, meeting o E in /, and draw k m parallel 
to CH, meeting I in m. Prolong / o to w, and m o 
to p. Make p equal to o m^ on equal to o /. Upon 
the two axes / n^m p^ describe the eUipse I mn p^ 
which is the projection, of the circle. 

Fig. 2,^ Plate XV., exhibits the method of dehneat- 
ing the isometrical protractor, which has been fully 
and generally described (in pages from 95 to 97 )f 
without reference to a diagram. BCDE is the iso- 
metrical square ; each of its sides BC, CD, DE, EB, 
are double lines of tangents, each half containing the 
tangent of 45°,. the points e^Jygy A, bisecting the four 
sides of the square, being zero, or the points in which 
the tangents upon each side begin. The protractor is 
exhibited within the isometrical square. Both have 
the same common centre. Though a well-divided 
scale has been recommended, we have here exhibited 
a complete geometrical construction,, which shews how 
such lines are divided. 

Thus from the centre e of the side BE of the isome- 
trical square, draw c A perpendicular to this same side 
BE, and make e A equal to e B. From the centre 
A, with any convenient radius (the larger the better). 
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describe an arc, meeting BA and e A ; divide this arc 
into nine equal parts (which will contain 5** each), and 
draw right lines from A through the points of division 
in the arc to meet the right line e B, and thus the half 
side of the square BE is divided into a line of tangents 
of 45**, The points of division upon e B are trians- 
ferred upon e E, and upon / B, / C, ff C, ^ D, A D, 
h E, By drawing lines from the points of division on 
the tangent lines to the centre s of the ellipse, the 
curved edge will be divided into parts representing five 
degrees each, as here exhibited. 

This method of dividing the line of tangents will 
become evident by considering that all right lines in 
orthographical projection are divided in the samie pro- 
portion as their originals* 

r CONCLUDING OBSERVATIONS ON THE METHODS OP 
DESCRIBING THE CURVE OF AN ELLIPSE* 

There is nothing so incommodious to the draughts- 
man as the description of a correct ellipse. In gene- 
ral, when it is required to be drawn upon two given 
axes, those whose oflSce it is to describe the figure, 
find themselves incompetent to the undertakings 
and are under the necessity of substituting in its 
place an oval compounded of four circular arcs, 
without attending to the degree of curvature which 
these arcs ought to possess ; so that the figure thus 
substituted, wants that elegance and continuity 
which distinguish the true ellipse, and is con- 
sequently unworthy of being called a representa- 
tion* 

i2 



In practice, the mechai^c can hav^e recourse to fit 
tramioel by which the cjirve may be described in <Jbe 
most p^r^ct caanner^ jby ^ntinued motion ^ or if ih^ 
figure be vi^y large, a gff^at number of poipts at sm;all 
ddietSinQes J&om each other niay be found, £^d th^e curve 
irawn through these poinits by the edge of a fl^^bl^ 
]^ kept in its pljaice by i^ails or pins, as was priu^sed 
in the ccmstr^ctipp of the centres of the New Londop 
fridge, by a metbo4 first shewn ip Nichofeon's Car- 
p^nter'8 Guide. 

We cannot conveniently s^ply these methods to 
dl^^wing upop paper. Draughtsmen who have a good 
leye ^4 a st^ady hand, may, however, find a sufficient 
number pf ppints, and trace the curve through thenu 
But a more complete method is that which was first 
published in the School of Architecture and En- 
gineering in the yeaur 1 828. The following is a de- 
scription, and contains the substance of the method 
there insertefl^ 

PROPOSITION- 

To describe feur circular ares at the extremities of 
two right lines bisecting eadi other, whicfa 9rc^ shall 
make the nearest approach possible to as many oertaiQ 
portions of the eurve of an ellipse of which the ri^^ 
lines shall be the axes. 

Let AB, Fig. S^ Plate XV., be the greater axis, and 
DE the less, and let G be the centre. Draw two right 
lines OP, OQ, Fig. 4, making any convenient angle 
POQ with each other. In OP make O^ equal to the 
greater semi-axis ( CA or CB) and Or equal to the less> 



^^ CD' w C£). From the centre O describe the arc® 
j^ s ai^ ^(% mieeting oQ in ^ and Q. Join t s^ dnm 
Q9 andr «- pattfailelto ^ ^ meetwig OP in P, amd OQ 
in «. In Fig. 3^ prolong DE on both sides of the 
longer axis AB to ^ and to. Make Dt> s^dEto each 
^uftt to^ OP^ Fig; 4, andi make Ao? and Bp, ¥ig. 3, 
^acfe equals to Ou^ Fig. 4. From the. centre tf, Figl 
3, \rfth the disfeface vD describe the a^c/^ from the 
<5enttH5 uf with the distance wE describe the^ arc A ^ 
from^ the centre ao with the distance a^A describe 
«he ari^ A ^ 2fl!id from^ the centre y with the distance 
^B" describe the arc f^ n. In de^ribing these arcs; 
i^a oj^eratoi^ mu^ obser»ve not toittake^them exceed^ 
SO de^eeS, that is, not to eJiceedM5 diegrees on'eact 
side of each extremity of each axis. The four arcs 
ffff hVfklf wni will touch the ellipse of which the 
axes are AB, DE, at the points D; E, A, B; and^ 
will approach at their extremities neaiper to the curve 
than any other circular m»cs that can be drawn. For' 
dither of the circular arcs at the extremities of the 
minor arcs^ is^ entirely without the curve ^f the lellip^e, 
.and either ef the other^ two circular ares .a* the extre- 
mities^ of the 'major axis^ is entirely within the curve oP 
the ellipse, but tliey approach so near to the curve that 
if the rsdius of the two circular axes at the extremities 
of the minor axis be diminished, or- that- of the other 
two be increased, each of the two circular arcs will 
pass vrithift the curve in the one ease, and without it 
in the other,, and in both cases will cut it* Now in 
the isdmetridal projection of a square, the shorter dia- 
gonal is to the longer <me, as 1 is to the V^; and in 

iS 
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the isometrical projection of the inscribed circle, the 
axis minor is to the axis major as the shorter diagonal 
is to the longer of the isometrical projections of the 
square ; hence the same axis minor is to the semi- 
axis major as 1 is to v^3. 

From the properties of the radius of , curvature of 
the elUpse, we. shall have as the ^emi-ctocU minor is to 
the semi-axis ^najor^ so is the semi'<2xis major to the 
radius of curvature at the extremities of the axis minor ; 
and as the semi-axis major is to the semi-ascis minor^ 
so is the semiaxis minor to the radius of curvature 
at the extremities of the axis major. Hence, if the 
ellipse be the isometrical projection of a circle, we 
shall have, by these properties, and by the properties, 
of isometrical projection, 

. 1 : v'S :: VS : 3, which is the radius of 
curvature at the extremities of the axis minor ; 

and v^3 : 1 :: 1 : Vy = j. V3, which is 
the radius of curvature at the extremities of the axis 
major. Hence we may describe the oicsfff, h t, k /, 
m n, without the aid of Fig. 4, by making Et; and 
Dw each equal to CD or CE the same axis minor, 
and by making Ajx and By each equal to one-third 
part of (CA or CB) the semi-axis major. 

The distance of the focus is equal to the isometrical 
radius of the circle. 

For in an ellipse, which is the isometrical projection 
of a circle, when the semi-axis major is the -/S, the 
semi-axis minor will be 1. Now by the properties of 
conic sections, the distance of the focus from the 
centre is the base of a right-angled triangle of which 
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the hypothenuse is the semi-axis major, and the per- 
pendicular the semi-axis minor ; hence, by the 47th of 
Euclid, Book First, the square of the base will be 
equal to the difference of the squares of the hypothe- 
nuse and the perpendicular; therefore, if from the 
point D or E with the semi-axis major (CA or CB) 
we cut each semi-axis, the points of section z^ z' will 
be the two foci ; hence, if the ellipse be the isometri- 
cal projection of a circle, we shall have the hypothenuse 
equal to the -/S, and the perpendicular equal to 1 j 
therefore, the square of the hypothenuse will be S, 
and the square of the perpendicular 1^ hence the 
diflference of these squares is 2 (=3 — 1) which is 
the squsu^e of the base of the triangle, and therefore 
the distance of the focus from the centre is also equal 
to VS, the isometrical radius of the circle. 

Hence, when the isometrical radius is given, and if we 
wish to find the focus, we have only to set the isome- 
trical radius from the centre upon each side of it, 
and upon the axis major, and each point of distance 
will be the focus. 

Again, from the properties of conic sections, the 
latus rectum^ which is an ordinate to the dlipse at 
each focuSf is a third proportional to the semi^xis 
major and the semi-ams minor \ hence the latus 
rectum is equal to ^v'S; hence, if through the points 
z and sfj we draw the right lines yy\ // and make 
zyj zy^z!^^ 2f^' each equal to kx or By, the points 7, y\. 
/, / will be in the curve, and if the isometrical radii 
be given, we shall have four other points in the entire 
curve, and thus we have two points in each quadrant 
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to describe the part that is wa^tiQg by hand. Wbw 
the whole curve is thu3 described^ we ^lalt have a 
figure which is a very near approach to the ellipse, 
and which may, therefore^ represent the i^oo^eti^ieai) 
projection of the circle upon paper. 

Either semi-axis of the ellipse inscribed i^^ (he 
rhombus is the hypothenuse of a right-cuigled triang^^ 
of which each of the two legs. is. one-fourth of 1^ 
diagonal upon which that semi-axis is placed. 

By means of this property, either of the two s^mir 
axes may be ijistantly found. Having drawn a ri^ 
angle, set one fourth (say of tbe shorter dta^onat) 
from the vertex upon each side or leg CQUtajning; tb? 
angle, trapsfer the distance between th^ poiats- cf 
extension upon the same diagonal (wbi^h we hajtre 
here supposed tp be the Sorter) from the centre 
towards each extremity, and the di^tanc^ b^t^een 
these two points is tb^ axis required. 

A clear understandipg of th^ three prin<^)a^ <^r4e^ 
tions of isometrical lines, the measurement of an^i^ 
and the true position of circles, in isometrical prpjcjCr 
tion, must be the first object of the student's attei^lipn. 
In the present chapter, the principles and pritctica} 
application of this projection have been elucidated by 
numerous examples, the consideration of whjch will 
enable an artist to apply isometrical drawing tp any 
objects, however complex. Its application to su^v,e}^ 
on a large scale is altogether new, ai)d the unipn of 
horizontal and vertical planes is. represented w;itb a 
pictorial bfeauty and georpetrical accuracy, which: ren- 
der its principles and practice deserving of attei)tiQn^ 
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from all who would excel in the art of designing 
objects, whether for practical utility or for elegant 
amusement. In using the term " pictorial beauty,'* 
it is not meant that isometrical projection exhibits 
landscape or other subjects in the attractive and na- 
tural aspect which pictures usually present when drawn 
in ordinary pQc^^ti\»,< foe tkisi would create an errone- 
ous idea of its true use and value. Drawings in isome- 
trical projection are, however, much more pictorial than 
the ground plans and elevations usually employed in 
afchUeQtural an4 menkami^ d63igns, &or^ and, h^ 
judicious maxiagemi^t*, a^ cdnsldi^idls^ degr^ee^ of ics^ 
dom and pi^t^r^8qu^ fi^i^g loay be; givett to* deliiMa^v 
tioDs which,, from thi^iii g^meteioal choxmtmf are 
usually f^raial md ^evevev, Thi^ distinctioQ mil! be 
readily understood \^ refemug to; FteteQ, imwihich the 
grcwgyd pla^i, Fig. 1,, aod tb^ ekvatiionsh Fi^ 2 an^ Fig. 
3^ are by no vtem^m^ pictorials asg the iaometrieal: 
view Fig. 4, which c<»3abifi^ aa isruch oi^ Uier freedom 
oi a picture as ; can be a6i»oc^ate.d with the^arocumey of 
a str^t geometrical drawij^. 
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When any one of the sides of a cube is drawn by 
orthographic projection^ on a plane parallel to that 
side, it appears in its true geometrical shape, all the 
lines being in their true relative position, and all the 
angles of the picture exactly corresponding with the 
angles of the original figure. Such, however, as has 
already been explained, is not the case in perspective 
drawings ; and it now becomes necessary to call par- 
ticular attention to the form of objects which isometri- 
cal projection presents. If a cube of 3 feet be drawn 
isometrically, every side of the isometrical cube will be 
0'449 feet ; that is, they will be in the ratio to the 
originals of v^2 to v^S if drawn by the rules of projec- 
tion, or, in other words, if drawn as such a cube 
would actually appear to an eye placed at an infinite 
distance, and endued with perfect vision. It is doubt- 
less this result of the laws of projection which has 
long prevented its application to the ordinary purposes 
of plans and sections ; for as the measurement of the 
objects represented would require a constant enlarge- 
ment according to this ratip, it would necessarily 
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become so abstruse and complicated as to be unfit for' 
practical purposes. 

Ordinary . projection supposes the objects to be 
drawn as they actually appear on a plane interposed 
between the objects and the eye, and many highly- 
ingenious rules are founded on this supposition. But 
though, in a geometrical sense, this interposition of a 
plane is the only mode of elucidating the theory and 
practice of isometrical projection, yet for the practical 
purposes of plans and sections I consider that it may 
be altogether kept out of consideration, as tending 
only to embarrass an artist in its general application. 
Nor are the isometrical plans or sections described in 
the present work either projections or perspective 
representations of tbe objects delineated, in a strict 
geometrical sense ; for if they were, they would be 
liable to the complicated difficulties already alluded 
to. 

- The true isom^fyiedlpinyectian of a house, or any other 
object, would require a scale different from that which 
measures the common ground plan or vertical section 
of the same object ; and the process of geometrical 
projection, however simple when regular bodies are to 
be represented, would be a work of infinite labour 
when applied to the numerous and complicated lines 
of an architectural design, or a land or mineral survey. 
But since (as appears by the demonstrations in the 
preceding chapter) isometrical figures are proportional 
in all their directions, the drawing may be enlarged 
so much as to admit of the application of the same 
scale which applies to the orthographic representation. 
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This wiU be readily undeistood by referrmg to Plate 
VI 11^ in which the strict isametrical prqjiectian of l^e 
Ime AB» Fig. 1, is the distance b iy Fig. 4, and the 
iscnnetrical cube hi klmn. Fig. 4, is the true pro- 
jeeticm of the cube of ABCDy Fig. 1.^ The larger 
cube a f c, Fig* 4, is in all respects proportional to^ 
the included projection i In^ and it is enlarged so that 
each of its sides majff exactly correspond in lenjgth^ 
with the orthogr£^>faic dramngs of the same cube in 
Figures 1, % and 9. Hence, in the prececfing de^ 
nu>n8trationB^tsoine<nciz/j9r^^^^^ haas been considered 
in a strict geometrical sense ^ but in this and smbsef- 
{|uent chapters^ the terms immetitical drawing- atii^ 
pbmnmg will be substituted for ppafetaiouy and by- 
i$Qmeiri€dl pUm»j dramngs^ cmd sectSanSf ig to be' 
uiulerstGod, not the geometrical^ profection' of the 
objects, but such a proportional enlargement of the 
8ame, as to admit of the application of a ^cale in the » 
same manner as to a common ground plan and ac- 
tion of the same objects* 

While, therefore, the geometrical principles ofpw^ 
J€Ctum. form the foundation for the practice of' isomer 
trical drawing^ the latter, as here elucidated, (though 
strictly in consonance with pure geometry, so far as 
practical accuracy is concerned,) is dependent on the' 
former only so far as it is connected with it by being 
proportional to it; and it necessarily follows, that if the^ 
tme projection of any object gives a true representa- 
tion, the isametrical drawing or plan on a larger scale, 
being exactly proportional to the projected represent- 
ation, must also be correct. 
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Jn a common ground plaa or sec^B, the paper on 
irhioh the drawing i$ made is considered to be the 
plane oa which the objects are situated ; but when, as 
'm isomatrlcal plans, a number of different planes are 
to be shown uponi one surface, it becomes necessary 
to have a representation of some common plane or 
base to which all the other lines or surfaces may be 
r^ef^red* For geological a^d mining plans, a horizon*- 
tal plane or base is the most convenient mode of re- 
ference ; and from what has been said^ it will be easily 
understood that this plane will aj^ear on paper in the 
sai^e manner as the upper surface of the isometrical 
cube. Fig. 7) Plate XII., and that all objects p^pen- 
dicular to this plane will be represented by lines pa- 
i^aliel to those which represent the vertical sides of the 
cube in tbe same %ure. In order to define this 
horiwntsd plane on paper, certain divisions or lines 
must be drawn, and isometrical squares are the 
moieA convenient for this purpose, and are very easily 
made, the isometrical lines being found on the centre 
of the plan, as follows* 

Assume the point £, Fig. 4, to be a convenient 
place for the centre of the intended isometrical 
drawing, and describe a circle, it matters not with 
what radius* Draw a diameter at right angles with 
the top or bottom of the paper, which in the present 
instance will be the line d, /. From eith^ extremity 
of this diameter, with the radius of the circle step the 
circumference^ which gives the points o, «, fj g^ c, 
smd when the points are connected by straight lines 
with each other and with the centre, an isometrical 
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cube is complete. The straight lines represent the 
edges which would be visible if the cube were opaque» 
and the dotted lines b d^b e^b g^ show the further 
edges which would also appear if the cube were pcF- 
fectly transparent. Now if the cube is required to be 
of any given size, the length of one side may form 
the radius of the circle ; or, which is the same thing, 
if any radius be taken, the isometrical lines can be 
drawn by it, and the dimensions set off on the radii of 
the hexagon ; the outUnes of the cube being thus 
formed, it is obvious that abed represents the upper 
surface, and that a efb and bfg c represent the two con- 
terminous sides oiab and be ; the former being a Jwri" 
zantal isometrical square, and the latter two vertical 
isometrical squares. I have ventured to incur the 
risk of being considered unnecessarily minute in this 
example, by explanations which to those conversant 
with geometry are altogether unnecessary. The con- 
struction of such an isometrical cube, together with 
the delineation of pbjects on it, is, indeed, so ex- 
tremely simple, that most persons will at once under- 
stand it by referring to the figure m Plate VIII. But 
when it is considered that this method of projection is 
very little known, and scarcely at all practised, and 
when it is also considered that this problem, simple 
as it is, is that on which the whole system of isome- 
trical drawing entirely depends, I trust to escape 
censure for endeavouring so to describe it, that every 
one who knows the first rudiments of geometry may 
clearly understand its application ; and that whoever 
understands how to draw a circle and a straight line. 
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may, by very little attention, acquire a familiar know- 
ledge of this construction, which may be considered 
the foundation of isometrical drawing. This problem, 
also, is equally a foundation for the construction of 
plans of buildings and machinery ; and it must be 
kept in mind, that there are many enquiring and in- 
genious persons in various departments of life, who 
are deterred from scientific pursuits by the cloud of 
mystery which too often invests the explanation of 
such subjects, and, even in such examples as the 
present, might be deterred, by considering the mat- 
ter to be one of greater difficulty than it really is : 
and though the distinctions between strict isometrical 
projection and that here suggested for practical use, 
may not at first be perfectly understood by every one, 
yet all the practical part may be just as well pursued 
without any knowledge of these distinctions. To those 
unaccustomed to geometry, it would be a most elabo- 
rate task to elucidate, in a familiar manner, all the 
principles and methods of true isometrical projection; 
but I trust enough has been said to enable any one, 
with a pair of common compasses, to draw an isometrical 
cube of any size, or to draw any number of isometri- 
rical squares adjoining each other, and all similar in 
form and position to that which represents the upper 
surface of the cube in Fig. 4, Plate VIII. 

In Plate IX., Fig 1 represents an area of ground 
perfectly square and level, and containing the follow- 
ing objects : a road 20 feet wide, a church 50 feet 
long and 20 wide, a house S3 feet by 20, with some 
trees, hedges, walls, and tombstones, all which are 
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cMineasted on a scale of 300 ^t to 1| indti ; and i^ 
for Bs lite exact relatii^ tifs^ md )>osilion of t^se ob- 
jects an one plane aire ccmceitied, wo ottmr tnode of 
planning can ev«r compete tritfe Ihis ifbt 6iniplfcH;y> 
and for the conveniea^ce of ttie&suriiig di^tetnces iti ^ny 
direction* But if it were required to ishoit also tfife 
height of the church and houses the depth of boritigsi 
and the strata intersected by them, recour^ mn^t b^ 
had to vertical sections or elev^tioni^, and the two sid^ 
AB and BG can only be shown by two ssepiirwe driaW-^ 
ings as at Fig. e and S^ tn tb^se, the heights, of th« 
church 25 feet, the tower 50 feet, and the hoHde 20 
feet, are distinctly shown ^ ^d the ^pths of th^ 
borings, vix. of No. 1, 10 fathoms,, of No. 2, 15 fathom^ 
of No. S, 14 fathoms, are also correctly delineated. 
Hence these separate drawings^ vi2% the gtoundpUtn^ 
tmdtwd sections^ aflfi^d a correct idea of the th^e^ 
several planes repre^nted, but each drawing compre^- 
hendi; only the objects which ate upon that particulM' 
plane. 2%^ grtnmd pian^ Fig. 1, gives no ideA ttf 
the heights or depths ; and ths f^ertical secfftoM^ F6^^^ 
Q and 3, give no idea of the tdatim area amlposUbm 
ofihe swrface d^ects. Fig. 4 represents an i^otnetric&i 
drawing showing all these planes, md as parallel lineil 
have been adopted in this in^ance^ fen" cleantiei^s of 
illustration, it will be readily seen that by tneaftd of h 
pair of common compasses £Utid a parallel ruler, the 
lines on No. 1 may easily be transferred to Fig. 4 ifl 
this manner. 

Having drawn the hexagonal represetltatioD of the 
cube Fig. 4, as in Plate VIIL, so that each of the sideiS 
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'exactly corresponds in length with the sides of Fig. U 
set oflF with a common scale the distances along the 
line a ft, the same as on AB,* and also along the line 
i c, mark the termination of the road in like manner, 
and the position of the house on c d. Connect the 
corresponding portions of the roads, &c. by lines drawn 
parallel to the sides of the isometrical square, and an 
isometrical ground plan of the road will easily be 
formed on Fig. 4. Having completed this, the di- 
mensions of the church and house may be set off upon 
the road lines, and all these objects being parallel to 
the isometrical lines, admit of being measured by one 
uniform scale. When the ground plan of the roads, 
church, and house is obtained, the next object is to 
delineate their vertical dimensions ; and as all verticcd 
lines on isometrical drawings are measured by the same 
ecale as the isometrical lines, this matter is easily ac- 
complished, the walls of the church, for instance, 
being 25 feet high, are drawn so, the tower 50 feet,- 
and the walls and hedges along the roads varying from 
4 to 10 feet high. An inspection of the drawing will 
preclude the necessity of going in detail through the 
whole minutiae of the operations, and to many I am 
aware, the present explanation may already appear 
too verbose. Having, however, occasionally experi- 

* A very convenient mode of transferring distances firom one 
plan to ano&er is to place a thin piece of paper with a straight 
edge along one of the Hnes to be copied, and to mark the several 
divisions with a fine pencil^ by placing the same on the other line, 
these divisions may iie transferred with great facility, and wi^ 
«uftcieiit accuracy for most practical pur])oses. 

K 
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enced some difficulty in giving a clear conception of 
these first principles of isometrical drawing, I am 
willing to risk the error of being unneccessarily minute, 
rather than be imperfectly understood. It is not so 
much by any knowledge of a series of rules that a faci- 
lity m this mode of drawing can be acquired, as by a com- 
plete knowledge of its first principles. I am therefore 
anxious to explain these with as much clearness and 
simplicity as the subject will admit of ; if, however, to 
any of my readers the present example should not be 
perfectly intelligible, I would recommend the simple 
expedient of making a small pasteboard model of a 
cube, and drawing on its sides the several features 
exhibited in Fig, 1, 2, 3, Plate IX. If through this 
cube a long straight wire be projected diagonally, and 
the eye placed in this direction, an isometrical view of 
the cube will be obtained, and if on the upper surface 
small models of the church, house, walls, &c. be placed, 
their appearance, together with the previous explana- 
tions, will afford the most clear and intelligible idea of 
isometrical drawing, which is simply the true repre- 
sentation on paper of objects when viewed in this 
direction. 

In order to convey a familiar idea of the mode of 
applying isometrical drawing to mineral plans and sec 
tions, the sides of the cube. Fig. 4, Plate IX., are 
supposed to exhibit the strata and seams of coal lying 
under the church and adjacent ground, as ascertained 
by borings at Nos. 1, 2, and 3. These borings being 
perpendicular, the several strata, &c., are drawn by a 
common scale upon them, in the same manner as they 
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'Would be on common vertical sections, as Figures 2 
and 5. A throw or disruption of the strata by a vein 
or dyke, is also represented, in order to shew the great 
ease and clearness with which this mode of drawing 
may be applied to geological illustrations, as well as 
to the representation of buildings and other objects 
on the surface. As this imaginary instance of a cube, 
however, is one which possesses a degree of simplicity 
rarely to be expected in delineating plans and sections, 
it is necessary to consider the difficulties which may 
occur in applying isometrical drawing to more compli- 
cated objects. In order to do this with greater clear- 
ness and precision, the reader is referred to the defi- 
nitions at page 94, which, together with the accompa- 
nying demonstrations and rules, will enable the geo- 
metrical student to pursue the subject with ease and 
facility, A brief recapitulation of some of these rules 
and definitions may, however, be introduced for the 
use of the general reader, and a familiar explanation 
of them afforded by the isometrical drawing which has 
just been described. 

In Fig. 4, Plate IX., a6, 5c, cd, da^ ae^ ^f^fg^ 9^$ 
and all lines parallel to any of these, are isometrical 
LINES, the edges abj bf^ and 5c, are conterminous 
£dg£S of the cube, and the three sides which are pre- 
sented to view are conterminous faces. In Plate 
VIII., the Unes ab, bcy in Fig. 4, represent the iso- 
metrical DRAWING OR PLAN of the liucs AB, BC, 
Fig. 1, drawn, not as they would appear by true pro- 
jection, as at lb, bn, but enlarged so that each side of 
the isometrical cube is equal to the corresponding 

K 2 
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sides represented, and consequently may be measured 
by the same scale as a common ground plan and sec- 
tion. In other words, the isometrical length of 3 feet, 
b^ projection^ is 2*449 feet, but in the practical ap- 
plication of this mode of drawing to plans and sections, 
as here elucidated, the dimensions on the isometrical 
lines exactly coincide with the dimensions of the ob- 
jiect represented. 

In-isometrical lines are right lines drawn on, or 
parallel to, any of the conterminous faces of a cube, 
but not parallel to any of the edges ; thus the dykes 
or veins w^ vv. Fig. 4, Plate IX., are represented by 
in-isometrical lineis. 

OuT-isoMETRiCAL LINES are right lines which are 
neither contained on the faces of the cube, nor are 
parallel to them or to any of the edges of an isome- 
trical cube ; thus the trunk of the tree ^, in Fig. 4, 
Plate IX., is an out-isometrical line. 

Isometrical angles represent the projection of a 
right angle, and are either 60° or 120"* : abf^ bfe^ and 
feUj Fig. 4, Plate IX., are isometrical angles. 

In-isometrical angles are angles in any of the 
conterminous faces of a cube, or in planes parallel to 
them ; thus wg^ we, are in-isometrical angles. The 
trunk of the tree t. Fig. 4, Plate IX., forms an out- 
isoMETRiCAL ANGLE with the Upper surface of the cube. 

The right-hand and left-hand isometrical lines will 
be readily understood by inspecting Fig. 4, Plate IX., 
in which be and ^, are right-hand lines ; ba and fe 
are left-hand lines : gc^ in the same figure, is a right- 
band vertical line, and ea a left-hand vertical line. 
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The above are definitions without which it would 
be difficult to describe the appplication of isometrical 
drawing to several of the subsequent examples ; and 
it is desirable that every one who, either for utility or 
amusement, proposes to practice it, should clearly 
comprehend them. The student who would be mas- 
ter of the subject will also do well to go carefully 
through the several demonstrations and problems in 
the pireceding chapter, and to construct the examples 
there given. 

As the whole system of isometrical drawing is depen- 
dent on the lines of the isometrical cube, which form 
the basis both for constructing the drawings, and for 
obtaining the dimensions, it is desirable to possess 
every facility for the construction of these base lines, 
which require to be so frequently drawn and referred 
to. For this purpose, Professor Parish recommends 
what may be called an isometrical T square or bevel,* 
which is described in the note. In order to use this 

* "Tbere should be a ruler in the fortn of the letter T to slide 
on one side of the drawing-table. The mler should be kept^ by 
small prominences on the under side, from being in immediate 
contact with the paper, to prevent its blotting the fresh drawn 
lines as it slides orer them. And a second ruler, by means of a 
grooTe near one end on its nnder side, should be made to slide on 
the first. The groove should be wider than the breadth of the first 
ruler, and so fitted, that the second may at pleasure be put into 
cither of the two positions represented in the plate. Fig. 1, Plate 
XVII., so as to contain with the former ruler, in either position, 
an angle of 60 degrees. I'he groove should be of such a siz€f, 
that when its shoulders a and ^ are in contact with, and rest 
against, the edges of the first ruler, the edge of the second ruler 
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T square or bevel, the paper is required to be stretch- 
ed on a drawing board or table, and the instrument 
itself not only requires very great care in its construc- 
tion, but the sliding groove is liable to become incor- 
rect by use. The triangular rulers described in the 
following section answer all the purposes of isometrical 
drawing in a simple and rapid manner, and have the 
advantage of projecting the vertical as well as the 
right and left hand isometrical Imes. They may be 
rendered useful for many geometrical problems^ 
as the construction of triangles and of rectangular 
figures ; they are also adapted for two very effective 
modes of delineating objects, by combining an or- 
thographic drawing of one plane, with a species of 
isometrical projection of other two sides : they at the 
same time possess all the usefulness of the German 
parallel rulers, may be used on any paper without 
being stretched, and have also the desirable qualifica- 
tions of cheapness and portability. 

should coineide with d e, the side of an equilateral triangle de- 
scribed on (f ^, a portion of the edge of the first ruler ; and when 
the shoulders h and e rest against the edges of the first ruler> the 
edge of the second should lie along g e, the other side of the equi- 
lateral triangle. The second ruler should have a little foot at k 
for the same purpose as the prominences on the first ruler> and 
both of them should have their edges divided into inches, and 
tenths, or eighths of inches* It would be convenient if the second 
ruler had also another groove r s, so formed that when the shoul- 
ders r and s are in contact with the edges of the first ruler> the 
second should be at right angles to it.'^ 

Professor Farish's Paper on IsomeU Perspective, 
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DESCRIPTION AND USE OF THE PROJECTING AND 
PARALLEL RULERS INVENTED BY T, SOPWITH. 

In every mode of drawing where precision is re- 
quired, the aid of instruments is indispensable. In 
ordinary landscape drawing, a skilful artist can repre- 
sent straight or curved lines of every description, with 
sufficient accuracy to convey a general idea of the 
picturesque appearance of objects ; and by practice, 
some persons have acquired great facility in drawing 
mathematical figures by the hand alone, of which the 
illustrations in Phillips* Mineralogy are a remarkable 
example. But in all those kinds of drawing which 
are intended for practical use and reference, and when 
parallel lines, angles, and other definite objects, are to 
be shown with geometrical truth, it is necessary to be 
provided with such instruments as are most readily 
and correctly applied for these respective purposes. 
The compasses, protractor, T square, and parallel 
rulers are in general use, and suffice for the delinea- 
tion of such lines as are most commonly required in 
mechanical plans and drawings ; but there are other 
instruments of great utility which are much less known, 
such, for instance, as the Centrolinead invented by 
Mr Nicholson,* which greatly lessens the difficulty 
experienced in drawing lines converging to a distant 
centre, and which for making the diminishing lines of 

* For which ingenions and useful invention Mr N. received a 
premium of.20g8., and a silver medaU from the Society of Arts, 
April 10tb> 1814. 
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common perspective is exceedingly useful. Socliy 
also, are various instruments for the description of 
curve lities, as the Multamater invented by Mr.. 
Hance^ Suardi's Geometric pen, Professor Wal- 
lace's Eidograph, together with various improvements 
of other mathematical instruments. The triangular 
scale and ruler, called Marquoi's parallel scales, and 
Keith's improvement of them^ are not generally known, 
though they afford great facility in the construction of 
some geometrical figures ; and the isometrical rulers 
recommended by Professor Parish have not, that I 
am aware of, been manufactured for sale. Different 
methods of representing objects, therefore, admit of 
being rendered of more easy and simple application 
by the aid of particular instruments, and this is a 
department of art which will doubtless be found capa- 
ble of much improvement, if ever mechanical and 
geometrical drawing is encouraged to an extent com- 
mensurate with its vast utiKty and importance in a 
manufacturing and mining country. In attempting 
the delineation of objects by the isometrical mode of 
drawing, my attention was directed to some more 
portable and convenient method of projecting isome- 
trical lines than the drawing board and sliding bevel 
suggested by Professor Parish, especially as any error 
in the shoulder of the latter instrument would be 
greatly increased at the further end of the blade. It 
occurred to me that isometrical triangles might be 
constructed so g« to answer the several purposes of 
projecting the principal vertical and horizontal lines, 
and at the same time be useful as parallel rulers and 
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scales. These have the advantage of being extremely 
portable, and may be used on paper of any size with- 
out a drawing board ; they consist of three triangles, 
represented in Plate XVI. No. 1 is a right-angled 
triangle ABC, the angle A being 60**, and the angle 
C SO''. No. 2 is an isoseles triangle A ED, of which 
the angles A and D are each 30**, and the angle E 
consequently is 120**. No. 3, an equilateral triangle 
CED, each angle being of course 60^. Now as all 
the angles formed by the intersection of isometrical 
lines are either 60** or 120**, it will readily appear that 
these rulers may be used for the projection of such 
lines in any required position, as well as for drawing 
parallel lines, in the same manner as Marquoi's parallel 
scales, or the German parallel ruler. As it is convenient 
to have the true form of the isometrical ellipse for 
rq)resenting circular objects, as wheels, &c., such an 
ellipse is represented on each ruler ; that on No. 1 is 
the isometrical drawing of a circle 2 inches in diameter. 
On No. 2 is a similar ellipse, having the isometrical 
diameter 1 inch ; and on No. 3, the diameter is 1 ^ 
inch. In ivory scales of this description, it would be 
desirable to have these several ellipses cut out, so that 
an isometrical circle or wheel could readily be drawn 
round the edge, and the sides AB, DE, EA, ED, 
and DC, might also be made with a fiducial edge, and 
a graduated scale of tenths. The cylinder and cube 
on No. 1 are introduced as illustrations of this mode 
of drawing, and the inscriptions on the top and two 
sides of the latter render it a clear illustration of the 
principles of isometrical projection. 
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If the side BC of the triangle No. 1 be placed 
parallel to the under edge of the sheet of paper on 
which an isometrical drawing is intended to be made, 
the edge A C will form what in the preceding demon- 
strations has been called a left-hand isometrical linej 
the meaning of which will be obvious by examining 
the lettered isometrical cube, and considering that all 
isometrical lines on a horizontal plane are, in fact, lines 
parallel to the right or left hand sides of a cube viewed 
isometrically. The edge E C of the ruler No. 3 being 
then applied to the edge AC of No. 1, the edge ED will 
form a right-hand isometrical line on a horizontal planey 
and the side DC will be a vertical lincy parallel of course 
to the upright edges of the cube. By sliding the 
edge EC along the edge A C, it is obvious that any 
number of parallel lines may be drawn by each 
respective edge, and dimensions in many instances 
may be set off in the very act of drawing by means of 
the scales. When left-hand lines are to be drawn 
above or below the one first drawn along the edge 
A C, place the edge E C of No. 3 against the edge 
B C of No. 1, then, by keeping No. 3 firm, and 
moving No. 1 to the right or left, the several left-hand 
lines may be drawn in their required positions ; or if 
the plan or drawing is large, a common rectangular 
ruler may be used in the place of No. 3. In this 
manner all the principal lines required in isometrical 
drawing, may be made with great rapidity, and with 
sufficient accuracy for most practical purposes ; and 
when it is considered that in buildings, machinery, 
mines, &c., vertical and horizontal lines are those 



PROJECTING AND PARALLEL RULERS. 139 

which most frequently occur, the utility of an easy and 
convenient mode of delineating them will appear very 
obvious, while also it is equally evident how great an 
advantage is afforded by the application of one uniform 
scale to all these three several directions, a property 
which distinguishes isometrical drawing from every 
jother mode of projection, 

A few attempts to draw an isometrical cube, and 
afterwards to delineate houses and other objects repre- 
sented in the plates which accompany this volume, 
together with the engraved explanations inserted on 
the rulers, will preclude the necessity of further detail- 
ed instructions for their use in isometrial drawing. It 
may, however, be observed, that they may also be very 
readily applied to the division of lines either into 
equal or unequal parts, thus : — let it be required to 
divide the line a &, Fig. 2, Plate XVI L, into 10-25 
parts ; set off from the point b a right line be in any 
convenient direction, and mark on it lOj divisions by 
any scale of equal parts ; place the edge A C of the 
ruler No. 1 so as to coincide with the points c and a ; 
hold the ruler firmly in this position, and place any 
side of the ruler No, 2 against the edge B C ; then, 
keeping No. 2 steadily in its place, slide the ruler 
No. 1 to the right hand, and as the edge A C inter- 
sects the several marks or divisions on the line c by 
mark with a very fine point the corresponding inter- 
sections on the line a 6, which will be the required 
divisions. This operation is one which has frequently 
to be performed in the construction of isometrical plans, 
and not only does it save much time, but it enables the 
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artist to avail himself of the most perfect scales he 
may have in his possession. 

By sliding the edge D A of No. 2 along the edge 
A C of No. 1, a vertical line may be divided into parts 
which shall be exactly half the dimensions marked on 
the scale A C. Other uses of these rulers, such as 
erecting perpendiculars from any part of a given right 
line, or letting fall a perpendicular from any given 
point to a right line, will readily suggest them- 
selves in the course of using them, and the same re- 
mark may be made of them which accompanies the 
description of Marquoi^s parallel scales, viz., that 
**they answer every purpose of a pleasant parallel ruler, 
including the great advantage of erecting perpendi- 
culars to any part of a given line, precluding in a great 
measure the use of the compasses by drawing lines 
parallel at any required distance ; and consequently 
most plans, particularly those of fortifications, may be 
drawn with uncoriimon accuracy in half the usual 
time/' 

The projecting and parallel rulers here described, 
may be applied not only to ordinary orthographic pro- 
jection, but also to two other modes of projection 
which will frequently be found extremely useful in the 
delineation of objects, and which also possess the ad- 
vantage of exhibiting three sides of a rectangular solid, 
and admitting of the application of the same scale to 
every side ; and though neither of these methods is 
applicable to the delineation of large surveys, wher^ 
bearings are required, yet for many representations 
of buildings, machines, and details of architectural or 
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engineering objects, they will be found extremely 
convenient and useful They both exhibit an or- 
thographical view or elevation of the front side ; one 
of them showing a full view of the upper surface, and 
a diminished view of one of the sides of a cube, and 
the other showing a full view of one of the sides, with 
a diminished view of the surface ; the former, there- 
fore, may be called verti-horizontal drawing, and the 
latter verti-lateral drawing. The construction of these 
projections of rectangular figures, by means of the 
ruler No. 1, will easily be understood by referring to 
the diagrams in Plate XVIL The edges CB, BA, 
of No. 1, Fig. IS, being placed in a convenient situ- 
ation for drawing two sides of a square, the ruler. No. 
2f or, in its stead, a common rectangular ruler, or 
straight edge, ZZ, is to be placed against the edge 
CA of No. 1. Any given dimensions may then be 
set oflFon the edges CB, BA, and any number of pa- 
rallel lines drawn in each direction, by sliding the 
ruler No. 1 to the right or left, as at c6, 6a, 6'a' ; and 
in this manner these rulers will be found extremely 
useful in delineating ordinary ground plans and eleva- 
tions. The orthographic representation of the front 
of the object being thus completed^ the ruler No. 2, 
or straight edge, is still to be kept firmly in the same 
position, and if it is required to show the upper sur* 
face more than the other vertical side, the shortest 
side of the ruler No. 1 is to be placed agaiust the ruler 
No. 2, or straight edge, with the side B C to the left 
hand, as at X, and the lines xx ixfxfy drawn by sliding 
No. 1 along the straight edge y but if it is desired to 
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show the other vertical side in preference to the sur- 
face, then the edge AC of No, 1 is to be kept to the 
left hand, as at Y, and the lines yy, yV, drawn in like 
manner ; then upon the several lines thus drawn, dimen- 
sions may be set off by the same scale which is used 
in delineating the front view or elevation of the ob- 
ject. 

As a further illustration of the drawmgs produced 
by means of these rulers, a house is represented by 
each of the three methods which have been described, 
in Figures S, 4, 5, Plate XVII. Fig. S is an isome- 
trical drawing of a house, showing the front and end, 
and accompanied with a view of the arrangement and 
thickness of the interior walls of the ground floor in 
Fig. 6. Figs. 4 and 7 are verti-horizontal drawings, 
and Figs. 5 and 8 are verti-lateral drawings of the 
same objects. The representation afforded by Fig. 
7 is well adapted for giving a clear idea of the several 
parts of a building, since it not only gives a true ele- 
vation of the principal front, but also a very complete 
view of the interior ; while for designs of furniture, the 
effect produced by the verti-lateral drawing. Fig. 11, is 
extremely convenient. It may be observed, that by 
reversing the position of the rulers, the opposite sides 
of the figures may be drawn in like manner, and the 
under surface also may be represented instead of the 
upper. 

The method of drawing objects so as to admit 
of their being measured by a common scale in two 
or three different directions corresponding to the 
edges of a cube, may be distinguished by the term 
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Isography, compounded from /Voc, equal, and y/»a9<w, 
to draw, or to describe ; and in this sense Isographic 
plans and drawings deserve the attention of all who 
are engaged in mechanical drawing. Under this term 
would be comprised isometrical drawingj as distin- 
guished from isometrical prq/ection, and the delineation 
of figures on a plane parallel to one of the surfaces of 
a rectangular figure, presenting an orthographic re- 
presentation of every surface parallel to that side, to 
which may be added a view of one or two other sides 
more or less oblique, as best suits the object of the 
designer. 

When once a clear conception of the principles of 
the isometrical lines is obtained, together with a toler- 
able facility in the construction of simple rectangular 
figures, it will require some degree of attention to 
comprehend the manner in which these lines are made 
subservient to the representation and subsequent ad- 
measurement of irregular figures. It has already been 
obser\'ed, that where objects are entirely situated on 
one plane, no possible mode of drawing is at all com- 
parable with parallel projection, as generally used in 
ground plans and elevations. But wherever the ob- 
jects are in planes more or less inclined to each other^ 
it is utterly impossible to represent the several dimen- 
sions of every part of each on any plane surface, such 
as a sheet of paper ; and this imperfection existing 
of necessity in every mode of representation, is of 
course to be found in isometrical drawing. A ground 
plan, or an elevation representing one plane onlv, 
distorts the dimensions of every line not parallel to 
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that plane; while an isometrical plan, representing 
three planes coinciding with the top and two sides of a 
cube, distorts the dimensions of all lines not parallel 
to some of the edges of one or other of these three 
planes, and hence dimensions can only be measured 
by one common scale in isometrical directions. This 
to the learner is at first attended with some perplexity, 
but it will cease to be so when the nature of geometri- 
cal projection is considered; nor does it in reality create 
much difficulty, since the distortion in every part of 
the plan admits of an easy adjustment or admeasure- 
ment by isometrical lines. The laws of vision place 
certain limits to the means of delineating objects, but 
this facility of projection and admeasurement renders 
isometrical drawing greatly superior to common per- 
spective, both for simplicity and extensive practical 
use ; the principal lines and angles, being invariable, 
may be projected in an easy and rapid manner, 
while the art of pespective, as commonly elucidated, 
requires long practice, and considerable geometrical 
skill. Having, therefore, described the general prin- 
ciples of isometrical drawing, in the subsequent chap- 
ters it will be endeavoured to show in what manner, 
and to what extent, it may be conveniently used in 
the representation of various objects. 
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CHAPTER IV. 



APPLICATION OF ISOMETRICAL DRAWING TO 

GEOLOGY AND MINING. 



The increasing interest of geology, as a subject of 
general information, forms a prominent feature of the 
science and literature of the present day, and after 
being almost entirely neglected for ages, it has ob- 
tained a share of attention commensurate with its 
vast importance. The absurd conjectures and base- 
less theories which formerly supplied the place of facts 
and observation, are now consigned to the oblivion 
they so justly merit ; and by geology we understand 
the study of those phenomena which are presented to 
our view, and from which it is the province of science 
to draw such conclusions only as are strictly conform- 
able to reason and experience. " Much importance 
must be attached to this study by every one who 
considers how much the well-being both of individuals 
and of nations depends on the improvement of every 
means, whether of knowledge or power, committed to 
our trust. In this country, where so much depends on 
the mineral products of the earth, too much attention 

X 
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cannot be given to a science which is knme- 
diateJy connected with such important interests ; and 
it is gratifying to perceive how rapidly a taste for this 
and sknilar departments of science has lately increased. 
As to the precise period or operation of geological 
changes, those discussions which are merely theoreti- 
cal can lead to little or no practical use. Instead, 
therefore, of idle disputes on Neptunian and Pluto- 
nist dreams, scientilic enquiries should be directed to 
the collection of carefully-observed facts. When these 
have been largely accumulated, some Newton in 
geology may probably deduce from them important 
and general laws guiding the successive changes of 
the strata. In the meantime, we may rest assured, 
that records of a patient and constant attention to 
actually-existing phenomena are the most valuable 
additions which at this period can be made to the 
science of geology.''* 

Drawing is one of the most useful and interesting 
aids of every art and science, but in no instance is it 
of so much importance as in recording the facts of geo- 
logy and mining. The astronomer has frequent op- 
portunities of ex£uaiining the orbs o( heaven, — ^the 
botanist has ever a fresh succession of the beauties 
of vegetation, — but while the canopy of heavep, and the 
surface of the earth, not only remain open to continued 
investigation, but are also the common objects of ob- 
servation to every one, the geologist has to contend 
with phenomena, many of which can only be seen 

* Account of the Mining Districts of Alston Moor, Weardale/ 
and Teesdaie, by T. Sopwith. 
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MMider peculiar dircumstances ; and many which, as in 
the interior of abandoned mines, are, after a brieff 
period, closed for ever from human observation. The 
telescope or microscope can ^ifford to every eye a more 
perfect idea of the appearance of the planets, and of 
vegetable structure, than any drawings, however per- 
fect ; but neither instruments nor descriptions of any 
kind, can possibly convey so clear and accurate ail 
idea of the geological structure of a mine or district, 
as that which is given by plans and drawings, which 
are thus rendered not only the most 4mportantj but in 
many cases the only meaw* of recording geologicatl 
feets and observations. 

The kind of drawing universally adopted for repre- 
senting the interior of mines, and the vertical sur- 
faces of real or supposed sections of strata, is that 
which supposes the eye of the observer to be placed 
in a direction exactly perpendicular to every part of 
the plane represented, or in other words' the ground 
pian and section which are so familiar to «very one 
who is conversant either with the practice of mining 
or the study of geology. Plate y I. exhibits ia ground 
plan of a portion of a lead mine, with a vertical sec- 
tion of the same, having the representation strictly 
limited to such workings and strata as are really known 
to exist, and rejecting all supposititious lines of strata, 
with which sections are generally too much encum- 
bered. 

Now if the adits 1, 2, and S, in the plan, were 
exactly situated on one plane, nothing could afford a 
jnore clear and intelligible idea of their relative 
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position than the mode in which they are here drawQ. 
But the adit, No. 2, is from 8^ to 8 fathoms lower 
than No. 1, and the cross-cut or gallery No. 3, is 
midway between Nos. 1 and 2, which vertical position 
cannot by any possibility be shown on the ground 
plan : all that can be done Is to distinguish them by 
different ccdours or lines, to intimate that some differ- 
ence does exist in their respective levels, the only ex^ 
planation of which can be given, so far as drawing is 
concerned, by the vertical section. The eye whicb# 
in viewing the ground plan, was supposed to be placed 
directly above the objects represented, is, in regard to 
the section, presumed to be at one side ; and hence 
the several adits are distinctly seen in their respective 
elevations, together with the various strata in whida 
they are driven. The same remark which has been 
made to the ground plan, applies to the section^ 
viz., that if the several objects represented on it were 
exactly on one plane, then it would form a true geo- 
metrical representation of the workings. But the 
adit No. 1, instead of being in cme, is on no less than 
nine different planes, and hence a considerable dis- 
crepancy arises between the dimensions on the plan 
and section ; thus, for instance, the true distance fr<Ha 
G to H on the plan is 25^ fathoms, but the apparent 
distance, as given by the usual method of drawing 
sections, is only 19 fathoms. In some instances, it 
may be convenient to avoid this, by extending the see-, 
tion so as to correspond with th^ true length, which in 
the present instance would be done by representing 
H at i ; but even this would not give the trite lenifth 
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of the adit No. 2, which, notwithstanding its circui- 
tous course from G to H, could only be drawn on the 
section as though it were as straight as the adit No. !• 
H^ice it is ta be understood, that the ffround 
plan furnishes a geometrical plan of those objects only 
which are cn^ or paredlel to^ a horizontal plane^ and 
the sectianj as commonly understood, represents the 
true dmemioiw of those objects onHy which are upon^ 
orparaSd mthf a vertical plane ; and these two draw- 
rogs- camioi be truly eomi>ined in one, but form a se- 
parate plan and section. 

The representation of solid objects on a flat surface 
h a great adiievement of human art ; and whoever at- 
tentivdy considers the subject^ so far from being sur- 
prised that some difficulties occasionaUy occur, will 
ratb^ be disposed to admire the very comprehensive 
idea which is afforded of vast and compUcated objects, 
by means so apparently inadequate. 

It is much to be regretted that so little attention 
has been paid in this country to geometrical drawing, 
a department of art closely allied to some of the most 
important interests of the empire. Topographical 
modelling is scarcely either known or practised ;* and 

* The autbor bas hi his possession a beantifol imd interesting 
nodd of France, by Schuster, of Dresden, tinted with the deep^ 
bine of ocean, the vaHeys ^d ehampaigne countries of the Seine^ 
the Loire, and Garonne, are coloured green, while the high sum- 
mits of the Alps and Pyrenean mountains^ touched with white, in* 
dicate the limit of perpetual snoir . It was brought from the con- 
tkient by Professor Pillans, of Edinburgh, whose attention, 
in passing along the streets of Dresden, was attracted by the 
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when it is considered what extravagant sums are da^ 
expended in mere trifles, it is surprising that a pursuit 
combining so much elegant amusement with practical 
science and utility, should be almost utterly neglected. 
As closely connected with' the subject of the present 
work^ . I-may here take the opportunity of describing a 
method of constructing models of districts, which 
combines great accuracy with a constant facility of in- 
specting every portion of them, and also furnishes one^ 
of the most intelligible explanations of the mode of 
representing the geological structure of a country by 
isometrical drawing. 

The square ABCD, Fig. 1, Plate XVI IL, re- 
presents^- a portion of a mining district, one mile in 
f^xtent, and divided into 64 equal parts by parallel 
lines a furlong distant from each ethen Fig- 2 repre- 
sents the section over each of the lines parallel to AB, 
and Fig. 3 comprises the series of sections over the 
Uiies paiallel to A Cm. It is to be observed ^at, owing 

extraordinai^ merit of iHis production. The artist who constructed it 
expressed his desire to undertake a similar model of Great Britain^ 
if cl ue encouragement appeared for such a work. That the English 
are not wanting in liberai patronage tb foreign artists, is sufficient^ 
1y known to all who have heard of the strains of Catalani, or the 
iUkile of PaganinU Even foreign modellers have found encoar« 
agement in making, figures and artificial flowers^ &c. in wax; but 
without any desire to condemn attention^ to merit of whatever kind, 
it may be observed, that works of usefulness ought at least tocom^- 
n>nrid an equal share of public favour; and an increasing taste 
for <<eology may probably introduce topographical modelling as a 
favourite and fashionable object of that attention to which its utility 
a»4 beauty so justly entitle it. 
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to the smallness of the plate, these figures are liere 
delineated by a very minute scale, viz, 40 chains oi* -J- 
a mile to 1 inch ; the vertical sections in Figs, 2 aiid 
3, are, however, exactly drawn to a proportionate 
scale, and therefore giv^ a correct idea of the relative 
magnitudes. Thus the section No. 1 is 100 yards 
high at A, 180 yards at A, and >50 yards at G. These 
several sections being cut ou4 in pasteboard covered 
with drawing paper, or, what would be much^ better, in 
thin plates of copper, so prepared with a covering of 
paint as to admit of being drawn upon with ink and 
colours, are to be joined crossways by what is termeid 
hcUf-lappingy that is, by cutting each section half way 
down where it crosses another section cut in like man-* 
ner oa the other edge, as at Fig. 5, and the whole 
being properly painted with sections,- and joined to- 
gether in this manner, as represented in Fig. 4, will 
afford an interior view of the geological structure of 
the district. The model of squares thus formed is to 
be placed on a plane surface, and the several spaces 
may be filled with pieces of wood or Paris plaster^ 
carved or moulded on the upper surface so as to re- 
present the surface of the earth j the several slips on 
which the sections are drawn may at any time be taken 
out for examination, or for delineating any new disco- 
veries upon them. 

It will readily be perceived that whatever is known 
of the geological structure of a district, whether by 
the basse ting or cropping out of strata, the working 
of quarries, or the sinking of shafts, and various 
mining operations, may easily be drawn on sections^ 



* 



152 GEOLOGY AND MINING.^ 

corresponding to those at Figs. 2 and 3, Plate XVI IE, 
but of course on a considerably larger scale. The 
isometrical representation, Fig. 4, may be very readily 
constructed by means of the rulers described in the 
preceding chapter,, or set off with a pair of common 
compasses. From a centre C, Fig. 4, Plate XVIII.,^ 
with the radius C A measured from Fig. ' 1, describe 
an arc ABD, on which, with the same radius, the 
points A and D are set off from B, the extremity of 
the vertical radius CB. All the sections in the iso^ 
metrical drawing being parallel to the sides, are, by 
the problem, equal in length to the lines in Fig. 1, or 
the sections in Figs. 2 and 8, and consequently dis- 
tances may be delineated or measured upon them by 
a common dcale. Fig. 6 exhibits a portion of a conv* 
mon vertical section, and its corresponding isometrical 
section. From E to F is a horizontal distance of 4 
chains and 40 links, which length is represented on 
the isometrical drawing at e f. The vertical heights 
at E, Fj, and G, are set off in the isometrical section 
at efgy as are also the depth of the shaft at F, ami 
the thickness and inclination of the strata intersected* 
In the common drawing, EG represents a level or a 
horizontal line, and the line e g^ in the isometrical 
drawing, also represents a left-hand horizontal line, 
and though its apparent obliquity at first seems a de- 
parture from geometrical truth, yet it is founded as 
well on the strictest geometrical principles as on the 
actual appearance of objects, when viewed in the 
oblique direction which isometrical drawing supposes. 
We have seen that the common ground plan and 
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*6ctiaite are each limited to one pkmey which must form a 
separate drawing, while in the example before us, in 
Fig. 4, Plate XVI I L, we have three several planer 
combined in one drawing^ all of which can be truly 
delineated^ or afterwards measured, by a common scale 
applied in the isometrical directions^ that is, in line& 
parallel to those which represent the edges of a cube 
isometrically^ as explained in page 1^. Conse- 
quently, the plan, Fig. 1, and the sections in Figs. 2 
and Sf which form 19 separate and unconnected draw- 
ings, are all imited in their true relative position in 
one drawmg in Fig. 4. 

From this great facility in measuring lines which 
are upon, or parallel to, isometrical lines, it obviously 
follows that, in constructing isometrical drawings and 
sections, it is desirable that as many as possible of the 
lines should be in these directions : thus a north and 
south line may form one side of the supposed isometrical 
square which regulates the drawing, and the cross 
lines will oi course be east and west. But it would 
greatly lessen the utility of isonaetrical drawing, if 
square directions only could be delineated by it ; for 
lines, and consequently the sections above these lines, 
may be set off in any direction, as on an ordinary plan, 
by means of the isometrical protractor. Fig. 1, Plate 
XIX., represents an adit or level of the following 
bearings and lengths : — 

From A to B, — N. 15 W. 2-80 chains. 

B to C. — N. 60 E. 6-00 do. 

C to D. — N. 25 E. 5-50 do. 
The mode of protracting these is minutely described 
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in page 102, and as it simply consists in usiiig the 
isometrical protractor for setting off the angles in the 
same manner as by the common protractor, it is evi- 
dent that the lines of any survey may be thus projected, 
observing that the length qfaU lines not parallel to the 
isometrical Unes must be found by the method de- 
scribed in page 102, and represented in the dis^am. 
Fig. \y Plate XII L Whatever intermediate distances 
are to be set off on these in-isometrical lines may 
be first marked on an isometrical line, drawn so as^ to 
form an angle with one end of the in-isometrical line, 
and transferred in the manner described in page 189» 
and exhibited in Fig. 2, Plate XVII. 

The distortion of length in all lines except those 
which are isometrical, is an inevitable result of those 
limits which are placed by the laws of vision to the 
representation of solid objects on a plane surface; 
and this difficulty, which constantly exists in the 
admirable picture delineated on the retina of the eye^ 
cannot by any possibility be overcome by any method 
of drawing whatever. It is, however, to be observed, 
that a similar distortion takes place in every line of a 
common ground plan or section which departs from 
the parallelism of the plane on which the drawing is 
made, and consequently merely exista in isometrical 
drawing in common with every other mode of repre- 
senting objects. In order to exhibit this distortion of 
length, as it exists in a common vertical section as 
compared with an isometrical section of the adit 
A B C D, Fig. 1, Plate XIX., the true length, viz. 
14*30, is represented by the line Xy and the letters 
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et h c d indicate the respective places of the points^ 
A B C D in the figure above. The line y exhibits 
on a straight line the lengths from A. to B, B 
to C, and C to D, as they appear when drawn 
issmetrically ; for as they deviate from what are 
called the isometrical directions, the apparent length 
is consequently distorted, and this to the sta- 
dent may appear a considerable imperfection. The 
proper way, however, to meet this objection, is to en- 
quire, by what mode of projection can the sectional 
workings of a mine be so represented as to exhibit the 
true length of lines on different planes ? If the com- 
mon modes of parallel projection are used, the distor 
tion of length will often equal,, or even exceed,, that 
which occurs in isometrical drawing ; thus in the pre- 
sent example, the true length of the whole adit from 
A. to D is 14'30 chains. Isometrical drawing gives 
the apparent lengths as follow : — 

From A to B — 2-425 instead of 2-80 
B to C — 7-182 instead'of 6-00 
C to D — 6-468 instead of 5-50 



16-075 instead of 14-30 

^n orthographic section of the same adit made parallel 

to the line B C, would present the following results : — 

From A to B — -725 instead of 2-80 

B to C — 6-000 being 6-00 

C to D — 4-505 instead of 5-50 



11-230 instead of 14-30 
We find, therefore, that the apparent error of the 
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isometrical drawing is 1*775, while that of orthographic 
projection is 3*07« And, since this imperfection is 
common to every kind of orthographic projection, it 
is obvious that isometrical drawing possesses a de- 
cided advantage over the usual methods of projection 
in representing the angles of the object, and in the 
easy and convenient manner by which the true dimen- 
sions can be obtained from the isometrical delineation* 
In sections of roads and railways, or of any objects com- 
prised in one plane surface, the expedient described in 
page 148 is resorted to, and the several lengths truly 
shown, without regard to any principles of projec- 
tion, the same as if the road or railway was in a per- 
fectly straight line ; but, for the reasons given'in the 
same page, this process is inapplicable to those in- 
terior workings of mines which are situated in different 
planes ; and though nearly all sectional drawings are 
more or less attended with imperfection, yet, as a scien* 
tific method of delineating subterranean workings, 
isometrical drawing possesses advantages superior to 
all other methods, and which render it well entitled to 
the attention of those who are interested in such 
subjects. 

The lines E B, B P, and F D, Fig. 4, Plate XIX., 
are the true ground plan of the adit of which an iso- 
metrical plan is shown in Fig. 1 ; and as the eye in 
Fig. 4 is supposed to be exactly above the adit, the 
vertical face of the section over it is consequently 
invisible ; whereas, in the isometrical drawing. Fig. 1, 
in the same plate, not only is the ground plan of the 
adit shown by the lines A B, B C, and C D, but 
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the oblique position of the eye affords a view of the 
several strata above it, the delineation of which is here 
added as an example of the manner in which vertical 
sections of strata, and also levellings over the surface, 
may be represented. 

The ground over the adit from A to B, on being 
levelled, is found to rise 10 yards in the first chaiot 
30 yards at 2 chains from A, and 60 yards at B, above 
the level of the adit at A. The surface from B to C 
rises in two chains from B, 10 yards at 4 chains, rising 
other 10 yards, and at C, a further rise of 15 yards, 
making the summit above C 95 yards above the com- 
mencement at A. At 2 chains from C, along the 
Une CD, the fall is 25 yards, at 4 chains, a further 
descent of 20 yards, and from thence levd to the 
extremity of the adit at D, making the surface at the 
last place 50 yards in height above the level of A. 

Set off with a common scale of 4 chains to an inch, 
the distances 1*00 and 2*00 on the isometrical line 
A A, and project them by lines drawn parallel to BA, 
on the adit AB, then above these points on A B set 
off the respective heights of 10, 30, and 60 yards, and 
connect them by lines which will represent the surface 
(in this instance a precipitous face of rock). The 
distances 2*00 and 4*00 are in like manner to be set 
off on the line BAy and marked bylines parallel to ^C 
on the adit B C, whence, by vertical lines, the results of 
the levelling can be accurately laid down, and a similar 
process is repeated on the line CD. 

Now it is to be carefully noted that the line ABCD 
represents an adit perfectly level, but as there is 
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generally more or less rise in such adits for drainage, 
or to avoid difficult strata, &c., the line A BCD wiH 
be more properly considered as a truly level line 
exactly coinciding in its horizontal bearings with the 
adit ; therefore, supposing the latter to rise 1 in 20, k 
will appear on the isometrical section, Fig. 1, Plate 
XIX., as shown by the thick black line over ABCD. 
Hence the process of delineating geological plans and 
sections is found to consist in the drawing of a plan 
on a supposed horizontal plane or base, on which all 
bearings can be set off by the angles of the isometricsd 
protractor, directly from the field book of the survey ; 
and when the plan is completed, then all manner of 
vertical objects may be represented above their several 
positions on the base. 

The horizontal plane, which is indispensable foi" 
obtaining the vertical dimensions of the drawing, 
having of course no existence in nature, may be 
familiarly compared to an immense plane of glass 
placed in the earth in a truly horizontal position, and 
having on it sq=uares similar to those which have been 
suggested for defining this horizontal base on the* 
drawing, and which are represented in Plate XX. 
Hence it is necessary, in constructing any isometrical 
plan, to assume such a convenient position for this 
plane as may best suit the objects to be represented. 
For the plan of a large district, the level of the sea is 
a very proper and convenient base. In an inland 
district, the level of any principal river, and in a mine^ 
the principal entrance or the level of the principal 
workings may be adopted. Of course, objects may 
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be represented below as well as above the lK>rizontal 
plane, but it is necessary to keep in view, that the 
direction of all the principal lines, whether above or 
below the horizontal plane or base, should be marked 
by dotted lines and corresponding letters of reference, 
on the said plane, in order that their bearings, and 
relative vertical positions may at any time be readily 
ascertained,* 

The isometrical section. Fig. 4, Plate XVI I L, is a 
supposed portion of an inland district, having a river 
flowing through it at an elevation of 50 yards above 
the horizontal plane or base on which the drawing is 
projected. The dotted line represents the course of 
the river on the isometrical base, and the double line 
over it represents the river at an elevation of fifty 
yards above the plane on which it is projected, and it 
is obvious that the fall of the river, whether in an even 
descent, or by cataracts, may be faithfully delineated, 
as well as the contour and geological structure of the 
whole of the adjoining country. 

The method of transferring plans from one scale to 

* An instrument of frame work for ascertaining heights. Sec. on a 
plan or model, is described in a scarce and curious volume in the 
possession of the Author, called '^ the True Interest of Great 
Britain/' &c., by Sir Alexander Murray, of Stanhope. In this 
instrument, and especially in the drawings of it, a near approach 
is made to isometrical projection, but without discovering those 
principles which would have enabled the enthusiastic writer to 
explain his various plans of improvement in a much more clear 
and scientific manner than is done by the very singular maps and 
plans contained in the work. 
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another by means of squares is well known, and copies 
of horizontal or ground plans may be at once reduced 
to the isometrical form by simply measuring the points 
of intersection on the true squares of the orthographic 
plan, and setting them off on corresponding isometri- 
cal squares. In this manner, the isometrical drawing 
of Silver Band mine, Plate XX., is transferred from 
the ground plan of the same in Plate III., and instead 
of one general section, as in Plate III., the isometri- 
cal drawing contains a section of the strata on every 
vertical plane along the course of the adits. The 
horizontal plane or base on which this drawing is 
projected, coincides with the entrance of the adit or 
level mouth, and the strata below the level are shown, 
together with those which lie between the level and 
the surface. The bottom of the adit or level, coincid- 
ing with the horizontal plane, is distinguished by a 
strong dotted line, for it is this connection with the 
horizontal plane that constitutes the value of this mode 
of drawing. 

In a first attempt to delineate mine workings in 
isometrical drawing, there appears some difficulty in 
making a proper distinction between horizontal, in- 
clined, and vertical lines, for these on an isometrical 
plan may all be represented by lines parallel to each 
other, and yet represent these several directions. This 
inconvenience exists, more or less, in all drawings, 
and even in the natural appearance of objects ; as for 
instance, a post by a road side, viewed in the direction 
of the road appears parallel with it, though the one is 
upright and the other flat. In order to obviate any 
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want of clearness that may arise from this circum- 
stance, it is proper to make a distinction between 
the different kinds of lines in isometrical drawing, as 
follows : 

Isometrical lines, including, of course, all vertical 
lines by continued straight lines. In-isometrical lines 
by long thin strokes, as in the engraved reference on 
Plate XX. Out-isometrical lines by short dots. 

Lines projected on the horizontal base, by dots 
alternately long and short. Lines connecting the 
horizontal plan with the isometrical representation 
above, by very faint and small round dots. In many 
plans a still clearer distinction may be effected by the 
aid of colours. 

By rigidly adhering to this distinction of the several 
different directions represented, the principal inconve- 
nience of isometrical projection is greatly obviated, 
viz., the perplexity which arises from the enlargement 
or contraction of those lines which are not in the iso- 
metrical directions. By the method here suggested, 
all continued straight lines on an isometrical plan may 
be measured by the comiSaon scale to which the plan 
is drawn, as also may the small round dotted lines of 
connection from the horizontal base to the adits or 
other objects above or below, for these small dotted 
lines being always vertical, are consequently isometri- 
cal lines. The length of in-isometrical lines may be 
readily obtained by means either of the isometrical 
protractor or projecting rulers. The delineation of 
Fig. 1, Plate XIII., as described in page 102, ex- 
plains the use of the former instrument, and the 

M 
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rulers may be thus applied either for projecting m^^ 
isometrical lines, or for ascertaining their length when 
drawn. 

1st. To set off any given length and bearing from 
a meridian Hne by the isometrical rulers, as for 
example, an adit 5*50 chains long, and bearing N. 
25^ E. 

On the isometrical line which represents the meri- 
dian, as at Cw", Fig. 1, Plate XIIL, set oflF the 
length 4*98, which is the latitude, and apply the iso- 
metrical ruler. No. 2, with the edge D E coinciding 
with the line C w", and the point E of the ruler coin^ 
eiding with the north extremity of the distance 4*98. 
From this extremity draw a line along the edge E A, 
and upon it set off the distance 2*32, which is the 
departure. The east extremity of this line will give 
the true isometrical position of the point D, in the 
line C D, which is the isometrical delineatieut of a 
line 5*50 long and bearing N. 25** E. 

To ascertain the length and bearing of the line C 
D on an isometrical plan, draw an isometrical line 
C n" through the point C, apply the ruler No. 2, as 
before, the edge D E being on the isometrical line 
C nTj and the edge E A coinciding with the point D, 
measure the distance from C to the point E on the 
ruler, and also from the point E on the ruler to the 
point D on the line C D^ set off these distances on 
two lines forming a right angle, connect the extremi- 
ties, and the hypothenuse thus formed is the true 
length, and the angle corresponding to n" CD, is the 
true bearing of the line C D. 



ISOMETRICAL plans; 

The following example is added as a farther inos- 
tration of the application of the projecting rulers to 
isometrical drawing. 

In Plate XI V., Fig. 5 represents a square, abcd^ 
on a horizontal plane, on which is delineated an adit 
syi. It is required to make an isometrical repre* 
sentation of the same. 

Construct the isometrical square dlf d dj Fig. 6» 
and set off c/ T equal to c 1 in Fig« 5 ; and also d S 
equal to a 9 in Fig 1. Apply the edge A B of rulef 
No. 1 to the side c d^ Fig. 5, until the side of the 
ruler B C intersects the angle/.* measure the dis- 
tance c 2, and 2/ and with the projecting ruler, No. 
8, set off the same distances in the isometrical direc- 
tions, viz., </ a' and 2'/', then draw 1'/' and /' S', 
which gives the isometricsd delineation of the adit 
3 / 1 . Geometrical construction will generally be found 
the simplest mode of obtaining the above and similar 
data for isometrical lines, and by using welUdivided 
scales the results may be obtained with sufficient prac- 
tical exactness. 

For geological and mining plans the isometrical 
protractor and geometrical construction will be fbund 
the most convenient and useful means of setting off 
in^isometrical lines ; but in plans of buildings and 
machinery, it may be desirable to obtain in-isometri- 
cal lengths and bearings from the sector, the use of 
which, for this purpose, will be explained in the chap- 
ter relating to these subjects. 

On considering that the occurrence of different 
kinds of lines on a plane must necessarily require not 

m2 
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only a greater degree of care in projecting such lines^ 
but likewise a more abstract consideration in viewing 
them when drawn, isometrical plans may appear to be 
attended with a degree of complexity, with which 
common ground plans and vertical sections are not 
encumbered. This arises from the circumstance that, 
by isometrical drawing, horizontal and vertical lines 
can be represented in evert/ direction, while in a com- 
mon horizontal plan no vertical lines can he represented 
at ally neither can any horizontal hearings he shoum 
on a vertical section. 

It has already been observed, how desirable it is to 
limit the drawing of plans chiefly, and in most cases 
entirely, to those objects only, which have been care- 
fiiUy measured, or concerning the position of which 
no reasonable doubt can. exist* Such plans and sec- 
tions will appear scanty and mean as professional 
works, and by many be deemed inferior in merit to a 
rich display of supposititious strata or other objects, 
coloured so as to form a handsome picture ; but when 
the relative size of man, and the means o£ human ob- 
servation are taken into account, it is not surprising 
that his knowledge of the vast fabric of the earth,, 
should be so insignificant in comparison with its stu- 
pendous extent. True sections, unadorned with pic- 
torial groups of strata, and strictly limited to actual 
observations, may be less flattering to our vanity, as 
well as less pleasing to the eye, than highly-finished 
and pictorial plans ; but a correct taste, founded on a 
scientific study of geometrical drawing, will reject, as 
much as possible, such additions, as being not only 
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useless, but also very frequently deceptive.* Within 
this limit of actual admeasurement and observation, 
isometrical drawings will rarely become complicated. 
On the contrary, the levellings taken over the roads 
or other parts of an estate, the depth of shafts and 
strata intersected in them, and the direction, and rise 
or fall, of the principal under-ground wakings, may 
be combined in isometrical drawings with great clear- 
ness and beauty, and thus form such a comprehensive 
memorial of the works and discoveries made from 
time to time, as will enable any persons conversant 
with such plans to ascertain the relative positions of 
the different parts of the estate, either as regards the 
minerals or surface objects. 

It has been suggested, in a previous chapter, that 
the working plans of collieries and lead mines should 
be preserved in regular series, bound together in vo- 
lumes, and drawn upon squares either engraved or 
very carefully protracted. For general practical pur- 
poses, such a method of preserving ground plans and 
sections would be superior to any other, inasmuch as 
the simplicity arising from plans and sections being 
entirely on one plane must ever render them the 

^ These observations must be considered as referring to an ad« 
Tanoed state of geological information, and also as chiefly relating 
to plans intended for practical purposes of utility. At the present 
time, so few authentic data €xist, that it is frequently necessary, in 
forming geological drawings, to make many supposititious addi- 
tions, and these to a certain extent will always be more or less re- 
quired, in general illustrations of the geology of extensive 
districts. 

M 3 
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ordinary means of recording extensive and complicated 
workings. The necessity which exists in isometrical 
drawing, of referring every object to an isometrical 
plane, renders its application to cell the minute details 
of extensive subterranean workings not only tedious 
and difficult, but also less explanatory than the ground 
plans and sections in common use. Having, there- 
fore, described the method of constructing isometrical 
plans, it would greatly mislead the reader, and especi- 
ally those who may be disposed to practice isometrical 
drawing in connection with geology and mining, not 
to point out as clearly and distinctly as possible the 
distinction between the apparent theoretical advan- 
tages, and the practical utility of this mode of drawing, 
which will be best explained by considering to what 
extent, and for what purposes, it may be applied in 
geological and mining plans. 

Isometrical drawings for the illustration of geology 
and mining may be considered as being comprised in 
four classes, viz. to exhibit 

I. THE GEOLOGY OF THE WHOLE, OR ANY CONSI- 

DERABLE PORTION OF A KINGDOM. 

II. THE GEOLOGY OF INTERESTING PORTIONS OF 

DISTRICTS REMARKABLE FOR GEOLOGICAL 
STRUCTURE, OR FOR MINING OPERATIONS. 

III. PLANS AND SECTIONS OF STRATA DISCOVERED 

IN MINES. 

IV. DRAWINGS OF REMARKABLE GEOLOGICAL OB- 

JECTS, AS DETACHED ROCKS, FOSSIL RE- 
MAINS, ETC. 

As an example of the 1st class, we may consider 
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«i extent of 500 miles square, a plan of which, on a 
«cale of 20 miles per inch, would be included in a 
square of 25 inches, and an isometrical drawing of the 
isame would require an area of 28 inches by nearly 43 
inches. Suppose England to be the country repre- 
sented, the map must be transferred to the isometrical 
drawing by means of squares, the right hand isome- 
trical lines being used for the meridian, and the left 
hand lines consequently representing east and west 
lines. The squares being drawn at distances of 10 or 
20 miles, sae te be conceived as representing a plane 
surface, coinciding with the level of the sea, upon 
which isometrical squares the shores are to drawn with 
strong dark lines, but the principal rivers, county 
boundaries, and towns, must be faintly traced with 
blue colour, or fine dotted lines, on the horizontal 
base. The manner >of projecting the sections, whether 
from drawings previously made, or from other data, 
has been already described, and the nearer the direc- 
tion of the sections approximates to the isometrical 
lines, or north and south, and east and west direction$, 
so much the more clear and distinct will be the isome- 
trical representation. A series of geologicsd sections of 
England, united in one drawing, in the maimer shown in 
Fig. 4, Plate XVI I J., would not only exhibit the situ- 
ation of the ^rata on and near the surface, but would 
also exhibit, by means of the base lines of each sec- 
tion, the sea level carried through from one side of 
the kingdom to the other, from which, as an index, 
the height of any part of the sections could be readily 
ascertained. 



^ 
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In representing so great an extent as 4 or 500 mile£^ 
a considerable enlargement of the vertical scale is 
absolutely necessary. This in the isometrical draw- 
ing may be accomplished the same as in ordinary sec- 
tions, and will be regulated by the distance of the 
sections from each other. Thus, parallel series of 
isometrical sections drawn at 10 miles distance from 
each other, will admit of the vertical scale being en- 
larged 14 times ; and if 20 miles is the extent adopted, 
the vertical scale may be 25 or even 30 times larger 
than the corresponding scale. The limits of this 
volume preclude the advantage of giving illustrations 
on a scale sufficiently large to exhibit the clearness 
and distinctness with which geological structure might 
be exhibited in this manner. When the eye becomes 
accustomed to view isometrical squares, it acquires a 
power of correcting that distorted appearance which 
the isometrical angles of 60** and 120** present instead 
of right angles, and the square lines on the horizontal 
base afford a ready means of reference for ascertaining 
the exact geographical position of any portion of the 
map. Such a representation of the geology of the 
kingdom would probably be much more popular than 
ordinary geological maps and sections, and the sim- 
plicity of the principles on which such drawings are 
constructed, by combining an easy method of drawing 
with an interesting science, would certainly render 
them a valuable addition to our present means of 
cultivating a knowledge of geology. 

Th6 chief defect in ordinary geological maps is the 
difficulty of representing a proper line of demarcation 
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between the several formations which frequently over- 
lay each other so near the surface, and are so much, 
varied by the natural undulation of the country, that it 
is almost impossible to define where one should be re- 
presented as terminating and the other as commencing. 
The common vertical sections usually annexed to 
geological maps certainly afford an explanation, but 
their detached form renders the position of their re- 
spective parts less intelligible than if combined with 
the plan, as in isometrical drawings, the general ap- 
pearance of which may be rendered more or less at- 
tractive -according to the care bestowed in finishing it 
as a picture. 



ISOMETRICAL DRAWINGS 

OF INTERESTING i>ORTIONS OF DISTRICTS, 

REMARKABLE FOR GEOLOGICAL STRUCTURE, 

OR FOR MINING OPERATIONS. 

In particular districts, certain geological phenomena 
are so interesting, or mining operations so important, 
as to render plans and sections of great utility. Not- 
withstanding, however, the self-evident truth of this 
observation, such records have been greatly neglected, 
even in districts where both the causes above men- 
tioned combine to render them valuable and impor- 
tant. The numerous and interesting data con- 
cerning the geology of the coal fields of Northum- 
berland and Durham, collected by the late Mr. Winch, 
and the valuable sections contributed by Messrs* 
Buddie, Wood, and others, to the Natural History 
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Society of Newcastle, evince a laudable desire to 
promote a department of science so intimately blended 
with some of the chief interests both of geology and 
mining. To the class of plans and sections which 
are best adapted for the illustration of a particular 
district, isometrical drawing is peculiarly well adapted, 
not, as has already been observed, as a substitute for^ 
but as a highly-interesting and explanatory addition to 
the ordinary plans and sections. 

Suppose a portion of a district, included in an area 
of 10 square miles, to be the subject of isometrical 
representation. The intersecting lines of the hori- 
zontal base may be drawn at distances of two inches, 
thus forming the whole into 100 square miles, on a 
sheet of drawing paper 3 feet long and S feet wide. 
This base may be considered either as level with the 
sea, or with any other elevation which may be con- 
venient as a standard of reference, and the positions of 
the coast, rivers, or other conspicuous objects, are 
then to be delineated upon it, together with the lines 
of direction along which it is intended to represent 
vertical sections ; observing, that it is desirable, if pos- 
sible, to have them upon, or very nearly in the direc- 
tion of, the right and left hand isometrical lines on the 
horizontal base. Upon this scale, series of parallel 
sections may be shown at every mile, having a vertical 
enlargement of three times, which will be nearly 300 
yards per inch, and if the country be not greatly ele- 
vated above the level assumed, the vertical scale may 
be 4 or even 5 times the horizontal scale. 

When the area is included in a square of 4 or 5 
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miles in extent, the scale of 400 yards per inch may 
be adopted in the isometrical drawing ; and though the 
general formation of a district may be clearly shown 
by the same vertical scale, it will be requisite, in giv- 
ing any minor details, to adopt an enlargement of the 
latter, as twice or thrice the horizontal scale. It must 
be kept in view, that the vertical scale should never 
be enlarged except when it is absolutely necessary to 
render the plan intelligible, and the enlargement, on 
the same principle, should never exceed that which is 
sufficient to explain the subject. Great attention also 
must be paid to the projection and drawing of the 
lines, to the brightness and transparency of the co- 
louring, and to the neatness and distinctness of such 
explanatory lettering or figures of reference as are 
necessary. 

In constructing isometrical drawings, it greatly les- 
sens the difficulty of execution, and also adds to their 
accuracy, to have isometrical squares of half an inch 
each, printed with blue ink from a copper-plate. Im^- 
perial drawing paper, thus printed, is sold by the 
publishers of this volume at a moderate advance on 
the present price, and paper of less size and inferior 
quality, might also be prepared for smaller drawings, 
or for rough sketches. If drawing keeps pace with 
the rapid progress of general improvement, which is 
now so much and so zealously promoted, it is certain 
that in all matters wherever mechanical projection 
is concerned, isometrical drawing will be found to merit 
a considerable share of attention ; and if geology is 
is studied as it ought to be, by the constant accumulation 
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of facts, isometrical sections of districts will proba- 
bly be more generally used and better understood 
than the usual horizontal plans and vertical sections 
now are. 

ISOMETRICAL DRAWINGS 
OF THE INTERIOR OF MINES. 

The preceding classes of isometrical drawings, com- 
prising the illustration of the geology of a kingdom, 
or of considerable districts, come within the scope of 
the study of geology as a science, and the construc- 
tion of such drawings must greatly facilitate a general 
as well as local knowledge of the principal features of 
geological structure ; for it is only by the accumulation 
of numerous records of this description, that a practi- 
cal acquaintance with the relative position of rocks 
can be successfully matured. The representation of 
those further details which are found in prosecuting 
mining operations may be considered as forming a third 
class of geological drawings, which, in a regular and 
scientific system of preserving subterranean records, 
would form an invaluable arcana of information, con- 
densed in a small compass, and combining great 
practical utility with the highest importance as materials 
for the promotion of geological science. 

If the several working plans of mines were regularly 
preserved in volumes of a moderate size, as suggested 
in Chapter I., it would be desirable to annex to each 
volume an isometrical representation of the several 
strata known to exist, which might be called the 
Geological Plan of the Mine. The objects repre- 
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sented, and the information written on this plan, 
should relate to the condition of the surface, strata^ 
seams of coal, or veins of lead, as they exist, indepen- 
dently of mining operations ; and however difficult it 
may now be to construct such plans, owing to the 
long-continued neglect of collecting and preserving 
the requisite data, it might in the course of a few 
years be rendered an easy and simple task. This 
will appear very evident to any one who attempts the 
construction of a geological representation of a mine, 
with a strict regard to scientific truth. It may be 
easy to assume supposititious lines of strata, and to 
fill a drawing with coloured strata throughout a large 
extent of section ; but if, at a subsequent period, 
shafts or other workings penetrate the plans thus 
drawn, it is probable that the greatest discrepancies 
will be found to exist. Hence the necessity, already 
BO often alluded to, of confining the representation on 
plans to those objects only of which the true position 
is perfectly known, and of adhering to the strictest 
geometrical accuracy in the delineation of these re- 
spective objects. 

The geological drawing of a mine should be 
on the same scale as the general ground plan, and 
the vertical scale must be the same as the horizontal, 
whether a scale of 2 or 4 chains per inch is adopted. 
The former of these (being 44 yards per inch) is 
sufficiently large for distinguishing the principal strata, 
seams of coal, or veins ; and the scale of 4 chains, or 
88 y^urds per inch, is 2^ times larger than the vertical 
scale adopted by Mr. Buddie, in his sections of the 
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coal fields near Newcastle.* By either of these 
scales, therefore, the principal geological structure of 
a mine may be distinctly shown, and the distance at 
which parallel sections may be made, will depend 
upon the depth to be represented. Thus, parallel 
sections having a vertical extent of 100 fathoms in 
depth, may be drawn about 10 chains distant, as in 
Fig. 4, Plate XVIIL, and, as a general rule, the 
distance of the parallel sections may be a fourth or 
fifth part longer than the depth to be represented. 

This relates to parallel series of isometrical sections ; 
but in some instances it may be desirable to represent 
other directions, and it may require some management, 
also, to avoid a coniiised mixture of too many lines. 
This must necessarily vary in each particular case, 
and a facility of surmounting this and other difiiculties 

* Vol. I. of the Transactioiis of the Natand Histiny Society of 
Northumberiand, Durham, and Newcastle upon Tyne, contains 
engravings on a reduced scale of those valuaUe sections, the 
original drawings of which, executed by Mr. Williamson Peile^ 
of Whitehaven, may be seen in the Society's Museum, at New* 
castle. A series of admirable sections of the Whitehavoi coal fidd 
has been recently completed by Mr. Peile, which, as specimens of 
geological drawing, are amongst the most elaborate and beautiful 
illustrations that practical mining has yet contributed to the 
science of geology. They exhibit, in a clear and accurate mannerjt 
the whde range of strata from St. Bee's Head to near Maryport, 
with cross sections, shewing the exact relative position of the new 
red sandstone, the magnesian limestone, and the lower new red 
sandstone, or hratvn sandstone strata ; and are not less interesting 
as geological records, than as a faithful transcript of the sublime 
scenery at St. Bee's and Barrowmouth Bay. 



f 
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can only result from that extensive practice whicb 
must be afforded by any general adoption of isometri- 
cal drawings for the purpose of geological illustration. 
The geological drawing of a mine should exhibit aa 
much as possible of the entire face of each section^ 
with an accurate delineation of the surface over it, 
projected from actual levelling; and though parallel 
series might be shown at the several distances already 
specified, it is obvious that materials could seldom be 
abundant enough for so many sections. If the isome* 
trical sections are drawn at a considerable distance 
from each other, the intervening space may be filled 
up by a representation of the surface of the country, 
coloured either so as to represent the natural appear- 
ance, or to indicate the basseting or cropping out of 
the several rocks or strata under iU 

DRAWINGS OF FOSSIL REMAINS, ETC. 

This interesting branch of geological study has, 
from its popular nature, been the subject of more 
frequent and excellent illustration than any other. 
Curious masses of rock, fossil remains, &c., cannot 
in many instances be better explained than by ordinary 
sketches or perspective views, drawn in such a position 
as best exhibits what is remarkable in their structure, 
while the dimensions may be given in letter-press 
explanations, or denoted by figures on the drawing. 
Plate XXI. is an example of such a sketch drawn in 
ordinary perspective, and represents a fine specimen 
of the fossil trees which are found in the rocks near 
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the magnificent mansion of A. J. Cresswell Baker, 
Esq., at Cresswell, in Northumberland. With refer- 
ence to this class of geological drawings, it may be 
observed, that they furnish excellent subjects for 
amateur etchings, a department of art which ought to 
be much more generally known and practised than it 
now is. Engravers would find it their interest to 
afford every facility to those who have taste and leisure 
for such an occupation, by furnishing them with cop- 
per, etching grounds, and occasional instructions or 
assistance in the management of the acid in biting in, 
as it is technically called. The example in Plate 
XXL is one of the author's first attempts in etching, 
and the ease and pleasantness of the process are such 
as he is convinced will form an agreeable source of 
amusement to those who possess an inclination for 
such pursuits. For drawings of this class, there is an 
ease and freedom in common perspective which can- 
not always be attained by the more formal rules of 
projection, which, therefore, should only be adopted 
when it affords some peculiar advantage. This will 
be the case when the object approaches to a cubical 
form, or when it is desirable to exhibit the connection 
of two or three planes to a uniform scale on one draw- 
ing. 

When the several dimensions of such objects are 
required with great accuracy, they may be taken from 
the originals by means of a vertical measuring rod 
placed at certain fixed positions, and the heights, as 
well as the lateral distances, may be measured by a 
sliding lateral scale, as shown in Plate XXL The 
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several heights may be then set off by any scale on an 
isometrical drawing, and the several lateral distances 
from the rod to the object also set off by the same 
scale on isometrical lines, and by the enlarged or 
reduced scale if in-isometrical directions are used. 
The points thus correctly laid down, may be distin- 
guished by a dotted line, or faint-coloured line, and 
the remainder of the example finished by an eye 
sketch. 

As the drawing of fossil remains and similar curiosi- 
ties is peculiarly adapted for the amusement of those 
who unite science with entertainment, and as the 
method here briefly described, is also applicable to a 
great variety of objects, as antique vases, Roman 
altars, and in short to all opaque objects of convenient 
dimensions, an example is introduced in order to 
render the details of the operation perfectly clear and 
intelligible. 

Suppose, for instance, that it is required to make 
an accurate representation of the fossil tree in Plate 
XXL, which shall exhibit the various contour of the 
same at different heights from the ground, and thus 
afford not merely a general idea, like the etching,. 
Plate XXL, but a medium by which at any time the 
several dimensions can be ascertained, and, if neces- 
sary, a model constructed from them. 

The line aa a^ Fig. 2, Plate XXI L, is supposed 
to represent the base of the fossil tree standing on a 
level floor, on which the square A B C D is correctly 
measured, each side being two feet in length. The 
dimensions are to be taken by a rule applied in a 

N 
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direction square across each side, as shown at 1, 2, S, 
on the line AC; 4, 5, 6, on the side C D, and 
the other sides in like manner. These measures 
may, of course, be taken in any place best suited for 
delineating the contour of the object, and having ob- 
tained the dimensions by the simplest process which 
can afford the data for making a correct drawing, it 
becomes extremely easy to transfer the same to paper, 
and thus the ground plan a a a is constructed ; and 
with equal ease, with the same data, may an isometri- 
cal ground plan be made, as at a a a. Fig. 1 , Plate 
XXII. From a perpendicular rod placed at the seve- 
ral points 1, 2, 3, &c., the distance may be measured 
in the same directions at any height from the base, 
suppose 15 inches. The results of this measurement 
are represented in Fig. 2, by a strong dotted line, and 
the contour at SO inches from the base is shown in the 
same figure by a faint dotted Une. The vertical lines 
upon 1, 2, 3, &c., in Fig. 1, represent the several 
positions of the rod, and the direction in which each 
lateral measurement is made is shown by lines or dots 
corresponding to those which distinguish the height 
measured to. These form data, by which at any time 
the true dimensions may be ascertained, the places 
measured to, being marked, remain as permanent 
points of reference, and the whole circumference may 
in this manner be represented, as in this example is 
indicated by faint lines. With a little dexterity in 
managing the vertical rod, a person with the slightest 
knowledge of drawing may, by a most simple and easy 
process, delineate the most complex forms, and an 
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artist may form, by lines like those of Fig. 1, Plate 
XXII., a correct outline on which to represent the 
external features of any object. In contributions to 
geological and other public societies, it is obvious that 
such a combination of accurate dehneation with picto- 
rial effect must be highly interesting, or, as in the 
present example, the general aspect may form one 
drawing, and an isometrical outline of dimensions 
accompany it, as in Plates XXI. and XXII. 

It is by an operation similar to that which is here de* 
scribed, that the sculptor transfers the dimensions of 
his original cast or model, to the marble in which the 
design is to be executed. The clay model and the 
rough block are each placed on a level base, on the 
straight edge of which is a scale^ with a vertical 
sHding rod : a lateral rod slides on the vertical one, 
and is fixed in any position by means of a ball and 
socket. A similar instrument might often prove of 
considerable use in establishments, whether of public 
societies or in manufactories, where accurate mechani- 
cal drawings are frequently in requests 

It would require large and costly plates to illustrate 
the various modes in which isometrical drawing may 
be rendered available in the service of geology. The 
present work, however, by combining the fullest de- 
tails of the principles of this mode of drawing, with 
such examples of its application as are necessary to 
illustrate the general nature and advantages to be de- 
rived from it, will, it is trusted, be found a means of 
inducing some share of public attention. It is to he 
kept in view, that no branch of art or science can be 

N 2 
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suddenly acquired, and the difficulties which at first 
present themselves must not be considered as final 
impediments to the cultivation of this useful and inter- 
esting method of drawing. A geological plan of part 
of Alston Moor, constructed some years ago on the 
principles of this projection, has met with the unquali- 
fied approval of many eminent ^and experienced scien- 
tific and practical men j and on explaining it to the 
Society of Civil Engineers in London, in May, 1833, 
I had the honour to receive the thanks of that body. 
It is projected on a scale of two chains to an inch, and 
comprises six separate sections, exhibiting the most 
interesting portions of the mountain limestone forma- 
tion. The aqueduct of Nentforce level, the interior 
of a lead mine, the disruption caused by the mineral 
veins, and a large extent of the surface of the country, 
are all shown in a clear and intelligible manner, on a 
drawing 28 inches by 22 inches. Copies of this plan 
are in the possession of the Institution of Civil Engi- 
neers, and of the Natural History Society in New- 
castle, its dimensions alone preventing it from being 
introduced as one of the illustrations of this volume. 

From this general outline of the apptication of iso- 
metrical drawing to the illustration of geology, it will 
evidently appear that the data obtained by mineral 
surveys may be condensed in a small compass by this 
method of representing vertical and horizontal planes 
in one drawing. Let us suppose, for instance, that 
this principle had been acted upon throughout the 
great mining fields of this kingdom for the last 50 
years, by preserving, on regular series of plans, not 
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only horizont£dy but also vertical representations of 
the most important surveys and levellings which have 
been made in them. A mass of data would have been 
thus collected in a clear and tangible form ; the result 
of expensive and laborious operations would have af- 
forded the fullest benefit of experience to similar works ; 
the exact position of mineral veins and dykes, and the 
phenomena caused by them, would have been ascer- 
tained in so many places, as to have afforded a clear 
idea of the probable results in other adjoining districts; 
and the information contributed by each proprietor 
would have tended greatly to promote the true inter- 
ests of alL The levellings made over the surface of 
a miaeral estate, the position and depth of every shaft 
or boring, with the int^sected strata delineated on 
each, the direction and inclination of the principal 
subterranean workings, and a record of the several 
mineral discoveries and operations, would be an invalu- 
able appendage to the deeds of every estate, and every 
day adds to the necessity for, and value of, such re- 
cords. The construction of such plans on uniform 
scales, and with common conventional signs, together 
with a more general appreciation of the nature of such 
plans by the public, would in time give fixed and de- 
finite means of estimating the value of these subterra- 
nesm stores of weaJth, which are now in a great mea- 
sure the hidden and mysterious objects of vague and 
-uncertain speculation. Such an improvement in 
mining plans and surveys is assuredly deserving of 
the attention of not only every land and mine owner, 
but of every one who is desirous of promoting the 

N 3 
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permanent interests of the kingdom, which are so in- 
terwoven with its mineral products. The testimony 
of the highest practical and scientific authorities has 
been again and again offered with a view to such im- 
provement, and a general outline of operations, as re- 
gards ordinary plans and sections, is given in the first 
chapter of this work. To the value, clearness, and 
popular nature df such mining records, a great addi- 
tion may assuredly be made by the appropriate use of 
those isometrical drawings which it is the object of 
this work to introduce to the notice of the public, 
and which, by combining pictorial effect with geome- 
trical accuracy, and scientific as well as practical use, 
may gi eatly contribute to the improvement of this de- 
partment of practical science. The taste for geologi- 
cal studies which at present prevails, and which seems 
to be rapidly increasing, will probably ere long be the 
means of directing the attention of influential persons, 
and perhaps even that of the legislature, to the great 
imperfections which exist in the mode of preserving 
mining records. The establishment of classes for the 
study of engineering and mining at King's Collie, 
in London, and in the Universities of London and 
Durham, is calculated to promote an improved prac- 
tice in what may be called the gtology of practical 
mining^ which, under the auspices of the great land 
and mine owners of the kingdom, might form a popu- 
lar and truly valuable means of professional occupa- 
tion, and of national utility. 
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CHAPTER V. 



APPLICATION OF ISOMETRIC A L DRAWING TO 
ORNAMENTAL AND LANDSCAPE 

GARDENING. 



The art of isometrical drawing may be applied with 
peculiar effect to the picturesque delineation of sur- 
face objects, of which none are, more beautiful and 
interesting than the decorations which refined taste 
and judicious management can produce in the arrange- 
ment of gardens, and of extensive parks and pleasure 
grounds. The usual method of representing these is 
by means of ordinary ground plans, and by landscape 
views. The former are for the most part executed 
without regard to pictorial effect, and even if well 
drawn and richly coloured, are yet incapable of showing 
the height of the various objects : as to landscape or 
perspective views, they have been extensively used, 
and have formed the ^delightful occupation of many 
who possess taste aiid talents for this department of 
the fine arts. The plan is stiff and formal, but has the 
merit of being a faithful outline ; while the landscape 
drawing, with all its rich and glowing tints, and aerial 
perspective, affords little or no information as to the 
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relative size and position of the various features of the 
«cene. Supposing the plan of a mansion^ and its 
adjacent gardens to be carefully drawn and coloured, 
as they would appear to an eye placed exactly above 
them ; the roof only of the house being visible, all 
traces of the windows, or of any architectural enrich- 
ments of its walls, would be totally hidden ; while, 
also, a small cott£^e and a lofty steeple could only be 
represented by the outlines of the space they occupy 
on the ground. In landscape sketches or paintings, 
a bush in the foreground exceeds in magnitude the 
majestic oak in the distance, and the representation 
is limited to the , apparent size and position of objects, 
as seen from one point of view. 

Artists who have had occasion to delineate views 

of this description, have attempted various modes of 

combining the separate advantages of the plan and 

perspective view, in order to unite accuracy with 

beauty ; and it is amusing to observe the singular 

efforts made in various old books, to produce this de* 

sirable union. Sometimes the house is drawn as 

though it lay prostrate on the earth ; and this mode of 

forcing an elevation on a ground plan occurs in tnany 

county maps, and in plans of Towns and Estates. 

Sometimes a bird's-eye view is adopted, and the 

whole scene thrown into formal perspective, thus 

sacrificing the graceful ease and freedom of a picture, 

without gaining the advantages of a plan. 

Mr. Loudon, in his excellent Encyclopaedia of 
Agriculture, and in others of his valuable publica- 
iionsj, offers some interesting suggestions relative to 
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such delineations, and justly comtnents on the im- 
proving taste which requires a corresponding improve- 
ment in this department of drawing. Isometrical 
drawing forms a medium between the two kinds of 
representation now generally used. In its principles, 
as well as in the manner of its application, it possesses 
the intrinsic geometrical quaUties of a ground plan, 
and at the same time admits of the pictorial delinea* 
tion of vertical objects ; hence all the various compart- 
ments of a garden may be protracted by a scale, and 
the various trees and plants represented by the same 
scale, together with the mansion, terraces, or other 
features of the scenery. The construction of isome- 
trical drawings of ornamental grounds, is unattended 
with the numerous and complicated projections of 
lines which are indi^ensable in ordinary perspective, 
and is so easy of attainment that any one, by consider- 
ing die practical illustrations already given, may easily 
produce the representation of any surface objects. 

It has been shown in what manner a rectangular 
object may be represented, either by means of com- 
passes or the projecting rulers. When a garden or 
pleasure ground, therefore, approximates to this form, 
the surface lines can be easily projected by the same 
methods which are used in delineating the various ob- 
jects on the upper surface of the cube in Plate IX. ; 
the several compartments into which that surface is di- 
vided may be considered as representing variously- 
shq)ed persons of garden ground, on which trees and 
shrubs, with the walks and ornamental borders, &c., 
may be dehneated by a uniform scale. When once 
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the principle is clearly understood, there can be no 
diflSculty in applying it on an extensive scale, and 
thus, with the requisite measurements, or with plans 
to copy from, an isometrical representation of houses 
and pleasure grounds may be easily and pleasantly 
drawn. The same remark applies to extensive wood- 
lands, where the undulation of the ground forms a 
conspicuous feature ; and, still more, if abrupt preci- 
pices, or steep and sudden eminences, add romantic 
interest to Ihe scene. Of such grounds, the common 
horizontal plan affords a very inadequate idea, while the 
isometrical projection enables the art is to delineate 
the exact surface lines in any required direction. 

When either the boundaries or any other portions 
of the grounds are in irregular directions, their posi- 
tion can be readily obtained by a similar process, on 
a larger scale than, but similar to, that by which the 
outline of the base of the Fossil Tree, in Plate 
XXII., is represented. 

In that plate, the irregular figure a a a^ in Fig. 2, 
may be conceived to be the boundary line of a field, 
or garden, as it would appear on an ordinary plan, the 
measurement of which, and subsequent isometrical 
delineation,, depend on the simple process of sur- 
rounding it by rectangular lines, and taking offsets to 
the several points. In like manner, any interior walks 
or divisions may be obtained by continuing lines across 
from opposite sides of the rectangle, and measuring 
the points of intersection, or the length of offsets to 
the requisite places intended to be delineated. The 
rectangular lines thus made use of, as at AC and 
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CD, in Fig. 1, Plate XXIL, are the right and left 
hand isometrical lines on which, or on any hnes pa- 
rallel with them, the dimensions of the ground can be 
ascertained by a process, which though extremely 
•simple, is certainly less so than what is required in 
ordinary ground plans. When, however, the isome- 
trical plan of a garden or pleasure ground is obtained, 
it possesses this great superiority over the common 
ground plan, that elevations of any kind can also be 
projected on it, and hence the various terraces, trees, 
houses, or other objects, can be represented with great 
pictorial force and beauty. 

In Plate XXIII., Fig. 1 represents the ground 
plan of a garden ; and Fig. 2 exhibits the isometrical 
representation of the same, and though necessarily 
drawn on a very limited scale, the effect of this pro- 
jection is rendered sufficiently obvious to show how 
much it is applicable to drawings of this description. 

Every vertical and aU the principal horizontal lin£s 
can thus be delineated by a common scale on one 
drawing, and afford the means of accurately repre- 
senting every variety of surface by an exact and ex- 
tremely simple process. It appears to me that the 
difference between a strict isometrical prqfection^ and 
that more convenient enlargement which admits of 
the same scale as the common ground plan, and which 
I distinguish by the term isometrical drawing^ has 
not been sufficiently attended to. The great advan- 
tage gained by this enlargement or drawing, as distin- 
guished from strict projection, was particularly detailed 
in the observations which I submitted to the Society 
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of Civil Engineers, and is explained in Chapter III. 
of the present work. Most of the examples, however, 
which have been given to the public, are projections 
of the respective objects represented, so that to deli- 
neate them it is necessary to find the proportion be- 
tween the true scale and the reduced isometricsd scale. 

To the gardener, as well as to the geologist or 
miner, who should attempt to make plans or drawings, 
this reduction to an isometrical scale causes much 
additional trouble, without answering any useful pur- 
pose ; whereas in the isometrical plans and drawings 
of this work, no such perplexity occurs j the same 
scale which measures the ground plan or elevation, 
measures also the corresponding parts of the isometri- 
cal drawing, the great facility and advantages of which, 
in preference to true projection, cannot be too strongly 
impressed on the attention of all who desire to apply 
this method of drawing to useful purposes* 

In geological and mining plans, the isometrical plan 
or drawing is the only method by which horizontal 
and vertical objects can be conveniently represented 
on one plane surface ; but in the delineation of gar- 
dens and pleasure-grounds, the methods described in 
page 140 may be frequently used, and will be found 
greatly to facilitate the draughtsman in exhibiting the 
surface of gardens or pleasure grounds from actual 
measurement. Fig. 1, Plate XXI V., is a vertulateral 
plan of the garden represented in the preceding plate, 
and so -far as lineal dimensions are concerned, it may 
be considered a species of isometrical delineation. 
This method of drawing exhibits, as its name is 
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intended to express, a vertical ekvatUmy and a late- 
red or side vieWy combined with the plan j and when 
the dimensions are known, the construction, as has 
already been explained, is extremely simple, espe- 
cially if the isometrical rulers are used, as shown 
in Plate XVIL, and described in page 135. Fig. 
2, Plate XXIV., is a v^rti-horizantal jfdan of the 
9ame garden. With a vertical elevation^ it shows a 
view of the surface very nearly approaching to a 
horizontal or ground plan; and on inspecting both 
these figures, the principal lines of direction will be 
found to correspond exactly with those in Fig. 1, 
Plate XXIII., while at the same time, they present a 
graphic and pictorial effect, much more interesting 
than the plans in ordinary use. In illustrations of 
works on architecture apd gardening, so easy and 
ready a method of combining architectural elevations 
with the plans of adjoining grounds will often be 
found extren(iely interesting and useful ; and the use 
of the triangular or isometrical rulers reduces the 
operation to the utmost possible simplicity ; so much 
80, that any one who can understand the first princi- 
ples of ordinary planning and drawing, may very soon 
acquire a correct knowledge of, and practical dexterity 
in, these several methods of isometrical drawing. 

Ornamental and landscape gardening is a pursuit 
which more than any other requires the union of the 
plan and picture in one drawing ; and the engraved 
illustrations in works on this subject, are often greatly 
wanting in clearness, from not possessing the desir- 
able union of dimensions and landscape effect, which 
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isometrical drawing produces. The attentive con- 
sideration of the principles laid down in the preceding 
portions of this work, and a Httle practice in the use 
of the projecting rulers, will soon enable any one to 
delineate the various surface forms of gardens and 
pleasure grounds, and to represent upon them the 
several vertical objects which are situated on them. 
Fig. 2, in Plate XIX., is a ground plan of an 
ornamented pleasure ground, in which the eleva- 
tions of the rising ground are shown, and the re- 
ference by similar letters to Fig. 3, will convey 
a correct idea of the manner in which the undu- 
lation of surface is represented, the process being 
exactly similar to that used in the construction of the 
geological sections in Plate XVI I L, the addition of 
surface-shading, with trees, &c. being effected by 
ordinary landscape drawing. For the old English style 
of gardening, with its formal hedgerows, and stately 
terraces and ballustrades adjoining the mansion, iso- 
metrical drawing is well adapted, and hence, as one 
of the illustrations of this subject, I have availed 
myself of the permission of Sir John Swinburne to 
copy an old painting of Capheaton, while it partook 
of this character, an isometrical delineation of which 
forms the frontispiece of the present work.* Where 

* Leiand describes this mansion as '< A Faire Castle in the 
midste of Northumberland as in the bredthe of it^ and is the 
oldist house of the Swinburnes/' Collins, in his Baronetage^ iii., 
174^ says> ** It was moated about, and had a drawbridge, and was 
a place of resort in the moss-trooping times, when the gentlemen 
of the country met together, to oppose those felonious aggressors 
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improvements on an extensive scale are meditated in 
the landscape scenery of a district, correct isometrical 
drawings are well adapted to exhibit the present aspect 

upon the goods and chattels of the country^ having a beacon on 
its top to alarm the neighbourhood.'' It was re-bailt in 1668, 
upon a new site a little to the east of it, from designs by Robert 
Trollop^ the architect of the old exchange, in Newcastle. Sir 
William, the son and successor of the builder, in a letter to Cdlins, 
says that his father demolished the old castle, and rebuilt, in the 
same place, a goodly house after the modem fashion, with courts, 
garden, and bowling green. These, and numerous other details 
respecting the family history and mansion of the Swinbumes, are 
given by Hodgson, in his History of Northumberland. He adds, 
that ** a large bird's eye view of this building is still preserved 
here, just as it was lefl by Trollop, with the family of the builder 
issuing from the gates to meet a party of their neighbours, the 
Loraines of Kirkharle, come on a visit, and the family coach (one 
of the very few at that time kept in the county) is introduced in 
full equipage, to give effect to the courteous ceremony." The 
present baronet. Sir John Swinburne, has made great improve* 
ments and alterations in the body of the house, from designs by 
Newton ; but the bold projecting cornice and nchly-carved canti- 
livers of Trollop's Italian roof, have been replaced by mouldings 
and dentils less in unison with the unique and striking assemblage 
of rustic pilasters, carved window jambs, dials, and flower pots of 
the former design, which still remain. The ornamented door-way 
and heraldic tablet are removed from the centre of the front to the 
east end, and the carved pillars of the gateway now adorn the 
entrance of an approach which leads to the house through a deep 
and extensive grove of old forest trees. 

To this brief notice of Capheaton, I cannot but add how much 
I feel indebted to its worthy and much-esteemed owner, for access 
to several old plans and drawings of the house, and for many 
marks of encouraging friendship and patron^e, in the course of 
my professional occupations. 
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and proposed appearance; and in the hands of a 
skilful artist will be found most useful and highly 
explanatory additions to the present methods of sur- 
face delineations. 

Isometrical drawing, from the great ease and sim- 
plicity of its first principles, and from the convenient 
and rapid manner of executing it by means of project- 
ing rulers, together with the explanatory and interesting 
nature of the drawings when completed, is extremely 
well adapted for the occasional amusement of those 
who have taste and leisure to cultivate such pursuits. 
Such ladies as are tolerably skilled in landscape and 
flower painting, may find a new and agreeable range 
of occupation by combining these accomplishments 
with isometrical delineation. By measuring a garden 
or pleasure ground in two directions at right angles 
with each other, and transferring the dimensions thus 
gained to isometrical squares, the horizontal shape or 
ground plan is easily obtained, and the several vertical 
objects being added in their respective positions, a 
general outline of the whole is thus formed, which may 
be enriched with the various colours and ornamental 
details of the objects represented. In like manner,i 
by using the simple apparatus of an upright measur- 
ing rod, with a moveable cross scale, any objects, such 
as antique vases, altars, &c., may be measured 
and drawn isometrically, as has already been described 
in the instance of the fossil tree ; and this easy and 
mechanical, yet perfectly correct, mode of drawing 
such objects also opens out a new a^d entertaining 
source of occupation to those who have inclination and 
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leisure to follow it. The interest of such pursuits is 
fiot confined to the immediate object of such drawings, 
hxit extends to a still wider and more useful range df 
intellectual improvement. Geometry and mathema- 
tics are eminently calculated to strengthen and im- 
prove the understanding, and in female education in 
this country, they seldom obtain that consideration 
ivhich they so eminently deserve. Much might be 
said in support of this observation ; but it would be 
foreign to the object of the present work to advert tt) 
it otherwise than in brief terms. The elaborate study 
of these sciences is what few ladies can .have any 
reasonable motive for prosecuting, but a general idea 
of the first great principles by which knowledge can 
be most truly acquired, ought certainly to obtain some 
share of diligent attention ; and the first book of 
Euclid, impressed on young minds, would assuredly 
tend, in a very efficient manner, to form a correct 
'habit of thinking, and of resting conviction on proper 
•sources of authority. Geometry also obtains no small 
share of female attention, almost unconsciously be- 
stowed in the formation of many ingenious and orna- 
mental works, but which has reference to no higher 
object. While isometrical drawing is, therefore, an 
easy and pleasant amusement, it also partakes so 
much of geometrical construction as naturally to invite 
the attention to the consideration of its principles ; 
and the study of these will be found to facilitate the 
knowledge of perspective drawings as well as of charts, 
maps, and plans, which are every day becoming more 
extensivdy used in general literature. Art and sciencfe, 

o 
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of every kind, claim kindred with the best feel- 
ings that can animate our minds^ Astronomy, lifting 
the soul in contemplation to heaven. Geology, placing 
before us the stupendous records of creation. Botany, 
enriching the varied surface of the globe with delight- 
ful interest ; and Mineralogy opening to our view the 
hidden glories of a subterranean world. To an ac- 
quaintance with these and other sciences, art furnishes 
us with captivating and efficient aids, of which the 
diligent cidtivation is not less the duty and interest of 
individuals, than the foundation of national welfare and 
prosperity. 

The constant tendency of a cultivated taste, in any 
of the various departments of art and science, is to 
banish frojn the mind those frivolous thoughts and 
pursuits which infringe so much on the happiness 
alike of individuals and of society at large. Consi- 
derations of this kind might be much extended, and 
they are here alluded to, as forming some recommend- 
atory plea for submitting to the attention of ladies a 
method of drawing, which at first sight may appear 
unsuited for them, on account of that connection with 
geometry which, so far from being deemed an objec- 
tion, is here respectfully urged as an additional claim for 
isometrical drawing being favoured with a share of 
their attentive study and occasional practice. 

As an example of the manner in which isometrical 
drawing may be applied to ornamental as well as use- 
ful purposes, I have introduced, on the title page, a 
vignette view of Chesterholme, formerly the residence 
of the late Rev* Anthony Hedley. This beautiful 
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little cottage, or antiquco'ian villa, as it may justly be 
termed, with its adjoining gardens and terraces, forms 
a striking exampleof landscape and architectural beauty, 
though situated in a tiistrict where the general aspect of 
the scenery is wild and forbidding. This vignette pre- 
sents the appearance of the cottage as it suddenly 
bursts on the view on descending the steep approach 
on the northern side of Borcum-hill, nearly midway 
between Haydon Bridge and Haltwhistle, in the county 
of Northumberiand.* 

* The fcdiowing desoripticm of Cbesterhctme and its adjacent 
ficenery, by tbe Rev. J. Hodgson, is from the Supplement to the 
Oentleman's Magasine, August, 1633, and forms a suitable expla- 
nation and accompanunent to the title-page vignette ^-*- 

** At tbe head of the gorge, and immediately bebw the meeting 
<if the Craiglough and the Brooky bums, stands Chesterholme, in 
a lovely and sequestered spot,^procal arte, procul formidine noviJ* 
It is a sweet picture of mosaic work inlaid «poB an emerald gem : 
a cottage in the Abbotsford style upon one of those charming green 
holms or meadows bordering upon a river, which in Northumber- 
land are very generally called baugiis. The heath-headed and 
pillar-crowned moontain of Borcum towers above it on the south- 
east On the west« a steep green bank has its brow compassed 
with the ruins of the ramparts of the Roman station of Vindolana. 
On the north, two woody denes, branching off at a neat farm- 
house, wind away in different directions through rising pasture 
grounds, which skirt the borders of the sky i and on the toutfa a 
mountain stieam glides from pool to pool through broad crevices 
of dove-coloured marble, under a rustic wooden bridge, till it is 
suddenly thrown aside by a high sandstone cliff, dappled with 
lichens, and overhung with vari^ated woods. AH this enchanted 
bowl has sides as chastely ornamented with works of nature and 
•design, as tbe shield of Achilles was with works of art. It i8» 

O 2 
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The process of drawing this and similar objects iso* 
fiietrically, depends entirely on the few and simple 

indeed^ like the bowls which Virgil speaks oC *' Aspernm signis/' 
crisply carved with figures. 1 do not know where I could take, 
an admirer of simple scenery and antiquarian objects better than 
to the cottage of Chesterhoime. About its sunny garden^ frag* 
ments of the pillars of antient baths and temples are entwined with 
roses or climbing plants^ The cotti^e is chiefly built of stones 
cajrved by Roman hands, and one of the doors op^is upon the 
tree-fringed sides and rocky channel of Chinely bum, where the 
hazels, and heg-berry, and alder, and broad plane trees, and the un- 
dying sounds of waters, are seen and heard through a passage formed 
of altars and bas-relieft, with a cordon of broad stones pierced 
with lewis holes, and which once supported the battlements of the 
walls and gates of Vindolana '* An arcade was also formed here, 
for the reception of antiquities found in the adjacent station, which 
contains some exceedingly fine altars, several inscribed stones, and 
other curiosities. The design for the cottage was given by John 
Green, Esq., of Newcastle, and is happily suited to the nature of 
the residence and the character of the adjacent scenery. 

To this description of Chesterhoime the author is induced to add 
<be following record of its former owner and occupant : — 

^*Died January xvii, mdcccxxxtv, at Chesterhoime, in the 
county of Northu/nberland, the Rev. Anthony Hedley, aged 
fifly seven yeacs. The loss which his family and society have 
sustained in the sudd^ .and premature departure of this excellent 
man, will be long and deepjy deplored. In successively exercis- 
ing the duties of a parish priest ^t Gateshead, St John Lee, Hex- 
ham, Wheipington, and Whitfield^ be laboured with a sincerity, 
industry, and efficiency rarely equAUiQd ; he devoted much of his 
time to visiting and instructing tlie poor at th,eir own houses, and 
largely contributed, not only by pecuniary support but by active 
and regular personal superintendence, to the education of the chil- 
dren in the several parochial schools placed under his ,ca]3e. The 
poor also Jiad their temppral as well as spiritual wants supplied/ 
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principles and rules which have been detailed in the 
preceding portions of this work. It is necessary icy 
consider which two of the sides of any rectangular 
building it is most desirable to exhibit^ and having 
made the selection, the base lines of these sides form 
the right and left hand isometrical lines, from which 
the several parts of the building are to be projected^ 
in the manner described at page 128* If the plan of 
the building is irregular, its several projections can be 
easily drawn by means of off-sets from rectangular 
lines, as shown in Plate XXII. ; aad the outline of 

and in severe winters came many miles to r^ceke his welUbestowed 
and liberal bounty. In the pulf>it« he vras a dear, eloqjaent, and 
practical expounder of divine truth, suiting his discourses to the 
circumstances and capacity of his hearers, and exemplifying, 6y 
the blameless simplicity, unsullied integrity, and unwearying bene- 
volence of his own life, the character of a faithful and apostolical 
servant of Jesus Christ His character thus adorned with christian 
graces, was also enriched by literary talents and antiquarian re- 
search. His virtues, in the several relations of domestic life, as a 
husband, a father, and a master, can only be duly valued by tbose 
who cherish the happy remembrance of them. By his personal 
friends he was not only respected and esteemed, he was honoured 
and beloved. The suavity of hi» manners, the liveliness of his 
disposition, and the exhausttess stores of his cultivated and capa* 
cious mind, threw a charm over his society which drew all hearts 
towards him^ and made him as much the welcome visitor of the 
great, as he was the intelligent companion of the learned,, send t6e 
kind and condescending friend and adviser df the poor. His li* 
brary was peculiarly rich in local works and' MS. collections, aad 
his residence of Chesterholme, by tlie beauty of its antiquarian 
villa and romantic grounds, will remain a lasting monument of 
his taste/' 
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the hotise being thus obtained, vertical Unes drawn- 
from the several angles to any given height will com- 
plete the representation of those respective sides of 
the building which are towards the (Erection in which 
the eye is supposed to be placed. The windows^ 
doors, or other objects on the walls can be set off in 
the manner shown in Fig. 1^ Plate XVII., and a 
very little practice will soon enable any one to add 
the several lines of the roof^ and chimneys, &c., simply 
by considering what relation they bear to horizontal 
and vertical lines. The architectural outline being 
thus completed^ the shadows and other pictorial ad- 
ditions may be added, according as taste and fancy 
may direct. The chief advantage which isometrical 
drawing affords is in the easy and rapid construction 
of designs ; and it may also be observed, that by sup- 
posing the light to fall in any particular direction, the 
proper strength and direction of the shadows may be 
determined with much greater ease and certainty than 
k> ordinary perspective drawings. 

From these examples it will readily appeftr how much 
the- art of isometrical drawing is adapted to various 
departments of landscape and ornamental gardening* 
In the improvement of land,, the laying out of planta- 
tions and pleasure grounds, the formation of gardens 
and terraces,, or the ornamental representation of such 
as already exist, isometrical drawing exhibits both the 
plan and picture at a single glance^ and in a more 
clear and intelligible^ as well as more simple and cor- 
rect manner, than by any other kind of perspective 
lepresentation. In the «ale of mansions, isometrical 
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yiews, showing the several erections and adjoining 
grounds, would give a faithful idea of their dimei^ion» 
and rdative positions ; and, in short, would b^ found 
at once a pleasing study for amateur artists^ a useful 
means of information for a variety of practical pur- 
poses, and an intelligible and easily-acquired method 
of delmeation for the illustration of books on subjects 
connected with landscape and ornamental gardening. 
It cannot, however, be sufficiently impressed tipon 
the amatuer artist, that while isometrical drawing par-^ 
takes much of the nature of a picture, as compared with 
ordinary plans and sections, it is in no way compara* 
ble to landscape drawing for freedom and grace. Land- 
scape views are drawn by the rules of perspective, which 
give at once to the mind the image of the objects as 
they appear to the eye, and in like manner correct 
perspective views of buildings are by far the most 
pleasing mode of delineation. Isometrical drawing 
forms a link between the stiffiiess and formality of or- 
dinary plans, and the graceful appearance of perspec- 
tive drawings. What it wants in grace, however, is 
fully made up in the superior utility which attaches to 
it from the ease and simplicity of the rule3 for its 
delineation, and by the strictly accurate manner in 
which it presents the true geometrical forms of objects^ 
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CHAPTER VL 



APPLICATION OP ISOMETRICAL DRAWING TO*^ 
PLANS OF BUILDINGS AND MACHINERY^ 

AND TO GENERAL PURPOSES OF 

CIVIL ENGINEERINGv 



Those who are much accustomed to the constructiooj 
or inspection of architectural or engineering plans and 
sections, acquire a facility in combining the informa- 
tion given by the separate drawings ; but the general 
observer is often unable to comprehend the relation 
of the several parts of a design represented in them. 
The elevation of the church and house, Fig. 2, Plate 
IX., would lead many persons to suppose that these 
buildings are in juxta position ; and the elevation of 
the churchy in Fig. 3, affords no general idea of the 
form of the structure ; so that to arrive at a correct 
idea of the form and relative position of these objects, 
the several drawings, Figs. 1, 2, and 3, mii^t be 
examined, and the relation of one to the other ascer- 
tained by combining them together in the mind. But 
when the three several planes, the ground plan, and 
front and end elevations, are united in one drawing. 
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as in Fig. 4, no one can be at a loss to understand 
the appearance and position of the respective buildings. 
The picture thus formed, strikes the eye with a force 
and clearness which leave no room for misapprehen- 
sion ; and when to this pictorial effect is added the 
recommendation, that every part of such drawing can 
be projected or measured by the same common scale 
used in the ordinary plan or elevation^ it is obvious^ 
that for plans and drawings connected with architec- 
ture, mechanics, and engineering, isometrical drawing 
admits of a much more useful and general applica^ 
tion than it has hitherto obtained. 

Such isometrical plans and drawings are proposed, 
not as substitutes for, but as highly-explanatory 
accompaniments of ordinary plans and sections ; and 
the following remarks are intended to point out more 
expressly the manner in which they may be used with 
advantage for ordinary purposes, in these respective 
departments of art and science. 

The first application which I shall here describe, is 
to designs for public works, such as the formation or 
improvement of harbours, the erection or alteration of 
public buildings, &c. In such designs, for the reasons 
alluded to, with reference to Plate IX., it is often 
extremely difficult to convey a correct idea by means 
of ordinary plans and sections, either of what has been 
done, or of what remains to be accomplished. To 
the promoters and supporters of all extensive under- 
takings which admit of graphic illustration, it is most 
desirable that such illustrations should be rendered as 
interesting and intelligible as possible ; and isometrical 
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plans and drawings will, in many instances, give a 
much clearer idea, than any other method of delinea- 
tion. Thus, in the design for a county prison, Plate 
XXVL, the isometrical view exhibits at one glance 
the principal front and end elevations, with the relative 
position of the several buildings, much naore clearly 
and distinctly than the detached ground plan and 
separate elevations of the same buildings in Plate 
XXV.* A well-executed arid neatly-coloured iso- 
metrical drawing of such designs approaches more 
nearly to the effect of a model than any other possible 
mode of drawing ; and whether for public edifices, or 
for private residences, isometrical designs, by combin- 
ing a correct geometrical plan with pictorial effect, 
become much more popular, and more easily under- 
stood, than ordinary plans and sections. Another 
wide and important field for the introduction of 

* This plate is reduced from an original design bj^ the Author, 
which was submitted to the Commissioners for erecting a new 
gaol and house of correcticm in Newcastle upon Tyne, in 1822, 
when, in consequence of a public advertisement, several other plansi 
by architects in London and Newcastle, were also offered for their 
consideration. The advertisement required the designs to be as 
plain as the nature of the building would admit, and hence the 
present design has no pretensions to architectural effect ; but &e 
Commissioners very properly departed from this intention^ by 
allowing considerable s^ope to the taste and talents of Mr. Dobson, 
whose plan was adopted. A model of the design represented in 
Plate XXVI.> was made at the request of the Commissioners, who 
presented the Author with ten guineas, — at that time a gratifying 
recompense for the labour bestowed on the first attempt at an^hi- 
tectural design he had ever made. 
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isoinetrical drawing is to be found in Its adaptation to 
engraved illustrations of works of art and science ; s^ 
purpose for which it is so peculiarly suited, that it 
would be useless to comment on it further than by 
observing, that the difference, which in the present 
work has been so expressly explained between isome^ 
tricQl dratainffy and isometrical prq^ection, should be 
constantly kept in view, and the former invariably 
adopted. 

A third and extremely useful implication of isome- 
trical drawing, is to working plans and drawings, not 
only of buildings and machinery, but also in various 
other departments of business, as carpentry, the manu- 
facture of cabinet furniture, and other similar employ* 
ments, where working drawings are required* Its 
fitness for this purpose is very clearly explained in 
Professor Parishes paper already alluded to ; asid those 
who are at all conversant with such drawings, require 
only a knowledge of the first principles of isometrical 
projection to enable them to apply it generally to 
designs of this nature. For the explanatory plans and 
drawings to accompany specifications of patents, iso- 
metrical delineation is well adapted; and if once 
generally introduced into practice, many other appli- 
cations of it will naturally arise. 

To point oat in detail these various applications 
would occupy a volume of considerable extent, and 
require a great number and variety of plates of larger 
size than those contained in the present volume. 
Such a work, consisting of coloured plates, with brief 
letter-press explanations, might be rendered extremely 
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useful and interesting by a judicious selection of gea- 
logical, landscape, architectural, and mechanical sub* 
jects ; and such a series of isometrical delineations the 
author would be glad to undertake, but for other and 
more important avocations, which fully occupy his 
time and attention. To any one disposed to throw 
this further light on the subject of isometrical drawings 
he would willingly render any information or assistance 
in his power, with access to several materials for such 
a publication now in his possession. 

For the method of drawing isometrical plans of 
buildings in any required direction, the reader is re- 
ferred to Plate XIV., and its explanation in pages 
107 and 111 ; and as further examples of the applica- 
tion of this mode of drawing, the frontispiece View of 
Capheaton, the vignette of Chesterholme, the church 
and house in Plate, IX., the examples of the plans of 
interior and exterior of houses in Plates XVII. and 
XIX., the walls and green-houses in Plates XXIII. 
and XXIV., and the prisons in Plate XXVI., clearly 
exhibit the effect that is produced by adopting this 
singularly easy and effective mode of representation. 
The same principles which have been explained in 
reference to these, apply to every possible description 
of buildings, subject of course to those limitations which 
the laws of vision impose on all drawings. 

In representing towers and other similar structures, 
it is optional to consider them as being viewed either 
from above or below. In Plate I X. the spectator is 
supposed to be looking down upon the tower of the 
church, and consequently the roof or covering is 
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visible ; but if the same tower were 4rawn isometri- 
cally from below, then the corner near^t to the eye 
would be the highest, and of course conceal the roof. 
So, in like manner, when the interior of a church, or 
an apartment of any kind, is drawn isometrically, if it 
be the object of the artist to show the walls and floor, 
he must adopt the higher point of view, and suppose 
the roof or ceiling removed in order to gain a view of 
the interior ; but if the intention is to show the walls 
and interior of the roof or ceiling, then of course the 
contrary line of direction is assumed, and the floor is 
conceived to be removed to afford a view upwards to- 
ward the ceiliixg. On inspecting the isometrical re- 
presentation of the tower, Fig. 1, Plate XXX., it 
cannot but occur to every one how very much this 
perspective resembles the actual appearance of a 
tower when the observer is near to its base, a circum- 
stance which adds greatly to the value of this kind of 
representation as applicable to buildings, since it adds 
boldness and picturesque freedom, and a natural as- 
pect, to what might at first appear a formal and un- 
graceful perspective. Some objects, from their 
position, present a very striking appearance, when 
viewed in the direction which isometrical projection 
supposes. The monument of Professor Dugald 
Stewart, (a structure which offers to the delighted 
eye one of the purest examples of Grecian architec- 
ture), stands on the verge of a rocky prominence of the 
Calton Hill, at Edinburgh, and, on a near approach, 
presents an excellent illustration of isometrical draw- 
ing. This, with its general position and effect, are 
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indicated by the small sketchy Fig. 2, Plate XXX., 
which is to be considered merely as an index to ex- 
plain the manner in which a larger isometrical drawing 
of this or similar objects might be constructed* The 
beautiful details of this structure, of St. Nicholas' 
steeple in Newcastle, and of various cathedral and 
other structures, woiiUi be admirable suligects for such 
a book of illustrations of isometrical drawing as I have 
already alluded to. When an architectural design of 
a church or mansion is made on a large scale, the 
various decorations, pews, furniture, or other objects, 
may be clearly delineated, and by a skilful distri- 
bution of the colours and shadows, a very pleasing and 
highly illustrative effect may be produced, which could 
not fail in giving a more lively conception to the par- 
ties interested in the same, and possibly prevent many 
misapprehensions which are apt to occur with those 
who do not perfectly understand the plans, sections, 
and elevations in common use. 

In machinery, many of the principal lines of frame- 
work, &c., are either perpendicular, or in horizontal 
squares, and therefore such lines can be very easily 
and accurately represented. Lines of whatever kind, 
which diverge from isometrical directions, are to be 
drawn by the methods described in Chapter II., the 
rules of which embrace every possible direction 
and position both of right lines and circles. The 
construction of an isometrical ellipse to represent any 
required circle or wheel, is given at page 1 14 and 
sequel, and the position of the wheel in machinery is 
easily determined by simply remembering that the 
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minor axis of the ellipse always coincides with the 
axle of the wheel. The circumference of an iso- 
metrical wheel may be divided into any number of 
parts, equal or unequal, either by means of the isome- 
trical protractor, or by following the method shown in 
Plate XV., Fig. % where, by setting off the required 
divisions on the line BE, intersecting the requisite 
divisions on the quadrant inscribed between . AB 
and AE, the same may be at once transferred to the 
isometrical ellipse inscribed in the isometrical square 
B C D £. Thus cog and pinion wheels, &c., of 
every description, may be readily drawn, and, when 
completed and neatly shaded, the isometrical wheel 
forms the most explanatory representation of such 
objects that can be made, showing, in equal propor- 
tions, the face and edge of the wheel, with the num- 
ber, thickness, and projection of the teeth or pinions ; 
see Plate XXX., Fig. 3. 

In drawing a wheel isometrically, the first thing 
necessary is to ascertain the positioa or direction of 
the axle. Having done this, find by measurement, or 
by given dimensions, what part of the centre of the 
axis coincides with the front face or side of the wheel. 
Then also mark on the same axis, a point in its cen- 
tre coinciding with the other face of the wheel. If 
the axis is an isometrical line, the distance between 
these two points will be exactly equal to the breadth 
of the edge of the wheel, as measured by a common 
scale ; but if the axle is an in-isometrical line, the 
relative position or distance of the two points must 
be found by the rule which applies to in-isometrical 
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lines in Chap. IL In this instance, also, the two 
points will represent and correspond with the apparent 
breadth of the edge of the wheel, though the distance 
cannot be measured by a common scale, but must be 
ascertained by reference to an isometrical line, or by the 
use of the sector. When the points are (ktermined up- 
on the axis, each must form the centre of an isometricd 
ellipse representing a circle, and, as has been already 
observed, the minor axis of each ellipse must coincide 
with the direction of the axle. The diameter of the 
wheel being given, the major axis of the isometrical 
ellipse will be longer than the diameter in the ratio of 1 
to •8I649, and the minor axis of the ellipse, which falls 
iipon the line of the axle of the wheel, will be shorter 
than the diameter in the ratio of '57401 to -81649. For 
the method of describingthe eUipse, see Prop. XVI I L, 
page 113. For mechanical drawings, it would be ex- 
tremely useful for the artist to construct a large dia- 
gram, similar to Fig. 1, Plate XL, having a number 
of lines parallel with the hypothenuse X Z, on which 
should be set off a scale of feet and inches on the 
base X Y. Then if it be required to represent a wheel 
of any given diameter, sAy 10 feet, isometrically, the 
axle of the wheel being an isometrical line, measure 
the distance 10 feet from Y towards X, which distance 
may be supposed to be represented at P ; then is the 
hypothenuse P q, the major axis of the isometrical 
wheel to be drawn at right angles through the centre 
of the axis, and the perpendicular Y q is the minor 
axis to be set off on the line of the axis on each side 
of the centre of the wheel. Through the \same cen- 
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tre, draw two intersecting isometrical lines on the face 
of the wheel, and set off on them by a scale the true 
diameter, and thus 8 points or indices are gained from 
which the proper eUipse can be easily constructed. It 
wiU evidently appear, that if the liqe of the axl6 k a 
ri^htTha^ isometrical line, then the plane face of the 
wheel will be in a left-hand isometrical plane, and vice 
mrs^. AkOf if the a^ia ]be vertical, the face of the wheel 
will b^ a horizontal pJLane. When the mam lines and 
wheels deviate much from isometrical directions, it is 
pr pper to pbserve, that sopnii6 degree of perplexity will 
arise to the u^prjacti^ed student, which can only be 
ln9^tef*e4 by a careful ai^d patient consideration of the 
priocipjbs of this projectioD : difficult and complicat6dy« 
however, as such examples may occasionally appear^ 
it is certain that both the principles and practice of 
construction are incomparably more simple and readily 
Understood than any other kind of perspective repre-^ 
a^ntiation. A facility in the mani^er of projecting in;- 
isometrical lines, and of ascertaining their l,ei3gth wh^a 
dr8W,n, as already described, will be found extremely 
useful in drawiqg plans of n^achinery j and as a fur- 
ther aid, the sector may be found useful in the hands 
of those accustomed to use it. 

As this valuable instrument is comparatively little 
known and seldom used by many practical men, and 
as it admits of very useful application in this projec- 
tion, it may be desirable to add the following .descrip- 
tion of it. 



*iO BUIEDINGS ANU MACHINERT. 

• -. • 

DESCRIPTION AND USE Of THE SECTOR IN 

ISOMETRICAL DRAWING. 

The sector is an ingenious and useful mathematicaf 
instrument for dividing a right line into any number 
of equal partis ; for forming a universal scale of equal 
parts ; for setting off angles of any given radius, 
&c., provided that the scale or radius be within the 
compass of the instrument; they are constructed of 
ivory and brass, and one of them is included in every 
complete case of drawing instruments. The sector 
consists of two equal* l^egs competed by a tfA^Bgjmoii 
round which tke legs may be opened and shut at plea* 
sure, and the best instruments are constructed with a 
French joint, which admits of smaller distances being 
measured than can be done with the common jbinted 
sectors; 

In order to effect the purposes fbr which the sector 
b designed, straight lines are drawn upon* the flat faces 
from the centre of the joint to the other extremity, 
and these lines are graduated into scales ©f equaJ 
parts, scales" of chords, scales of sines, scales of tan- 
gents, &c. These lines are called sectorial lines, and 
are distinguished by initial letters, C for chords, S for 
smes, T for tangents, and L for lines. The gradua- 
tions are numbered from tiie centre, which is therefore 
called zero,- or nothing. 

. The sectorial lines of each kind are double, one 
being on each leg of the instrument, and the corres- 
ponding lengths or distances from the centre are all 
equal 
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As the chord of 60*, the sine of QO'^^ or the tangent 
of 45^, is eqiial to the radius, the two lines of chords 
end in eCy the two lines of sines in 90 ""j and the two 
lines of tangents in 45''. The distance between the 
points 60° and 60"" on the line of chords^ is equal to 
the distance between the points 90** and 90"* of 
the line of siqes^ and also equal to the distance 
between the points 45*" and 45"* of the line of tan- 
gents, at any angle which the legs may form when 
opened^ 

Hence an angle cannot be made at one operation 
by the line of chords more than 60**, nor by thiB line 
of tangents more than 45 "* • 

In each pair of scales, the divisions are numbered 
from zero in the centre of the joint to 10, 20, 30, &Cft 
iexcept the line of equal parts, which is numbered 1, 
2, S, &c., to 10^ 

The distance between the corresponding points in 
any pair of linea is called the transverse distancej and 
the distance from the centre to each corresponding 
poiht is. called the lateral distance. Hence the two 
lateral distances form the two equal sides> and the 
transverse distance the base of an isoselis triangle. 
The figures 1> 2, 3, &c., on the lines of equal parts,^ 
may represent 10, 20, SO, &c., 100, 200, 300, fipc, 
1000, 2000, 3000, &c.; and accordmg to the value 
attached to these figures, will be the value of the in- 
termediate parts. Denominations smaller than the 
intermediate divisions must be determined by the ac» 
curacy of the eye. 

p2 
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TO SET T&E SECTOR TO ANY GIVEN RADIUS.^ 

Enlarge or diminish tbe angle of the sector, as the* 
case may require, until the transverse distance between 
the brass points at the extremities of the two lines or 
chords^ or of the two lines of smes, or the two lines- 
of tangents,, be equal to the given radius, and the* 
sector will be set. 

THE SECTOR BEINO SET, TO FIND THE CHORD, SINE^ 
OR TANGENT OF ANY NUMBER OF DEGREES. 

Take the transverse distance between the points at 
the numbers denoting the degrees in the lines which 
are of the same species as the line required, whether 
it be a chord, sane, or tangent, and this distance wilt 
bethe chord, sine, or tangent to the mimber of d^ree* 
fequired, 

■ 

fiXAMPI^S. 

^ The sector being previously set to any given radius 
trithin the scope of the instrumewt, 

EX. r. TO FIND T»E -CftOftD OF 20*. 

Set one of the points of the compass on tlite point 
20, in one of the lines of chords, and extend the other 
point to 20 in the other line of chords ; the distance 
between these points will be the chord of 20*" to 
the radius between the brass points 60 and 60 of the 
line of chords*^ 
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EX. II. TO FIND THE SINE OF 25*!^. 

Set one point of the compass on 25 in one of the 

lines of sines, and extend the other to 25 in the other 

line of sines, and the distance will be the sine of 25'' 

to the radius between the brass points 90 and 90 of 

?the line of sines. 

EX. III. TO FIND THE TANGENT OF 30^. 

Extend the compasses from SO to SO on the line$ 
of tangents, and the distance will be the tangent of 30'' 
?to the radius between the brass pointy 45 and 45 of 
the line of tangents. 

TO FIND THE COSINE OF ANY NUiilBER OF DEGREES. 

Most sectors have no lines of cosineg ; >bttt since 
^he cosine of any angle is the sine of the complemeM 
of that angle, therefore, when the measure <>f an angle 
is given, substract vthe number of de^ees from 90°, 
^nd the remainder is the complement : find the sine 
of the number of degrees in the remainder, and this 
sine is the cosine of the number of degrees required. 
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Having set the sector to the given radius, substract 
32° from 9Q, and the remainder is 58°. Extend the 
compasses from 58 to 58 on the lines of sines, and the 
distance is the cosine of 32° to the radius between 
the brass points at 90, 90. 

p3 



%l4f BUILDINGS AND MACHINERY. 

FEOM ANY GIVEN POINT, IN AN ISOMETRICAL LINE, TO 
DRAW AN IN-ISOMETRIC AL LINE, SO AS TO REPRESENT 
ANY GIVEN HORIZONTAL ANGLE, AND ANY REQUIRED 
LENGTH. 

Set the sector to the required length as a given ra- 
dius, and find the cosine and sine of the given angle 
to this radius. Upon the given isometrical line, and 
from the given point, set the sectorial radius and cosine 
upon the one side or the other of the given point, ac- 
cordingly as the angle is required to be on one side or 
the other of the said point. From the extremity of 
the cosine draw an isometrical line, to represent a per- 
pendicular with the given isometrical line. Upon this 
line, representing the perpendicular, set the sine from 
Ihe extremity of the cosine. Join the given point and 
the point at th6 unconnected extremity of the sine, 
and the line thus drawn will be the in-isometrical line 
required. 

EXAMPLE. 

Draw an in-isometrical line to represent a distance 
of 2*68 chains, and to form, at a given point, C, 
Plate XXX-^ Fig. 4, with a given isometrical line 
AB, an angle, which shall be the representation of a 
horizontal angle of S^"*- 

Let a b c dhe the isometrical representation of a 
horizontal square, the side a b being parallel to AB, 
and consequently the sides a d and b c will represent 
a perpendicular to a 6 or AB. 

From the scale of the isometrical plan, take 2*68 
chains, and set the sector to this distance as a radius. 
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TJpon AB make CE equal to the radius, and CD 
«equal to the sectional cosine of the angle. Draw DF 
parallel to ad ox b Cy and make DF equal to the sec- 
tional sine of this angle.^ Join GF 4y « 4ine, \v4iich 
will then represent a length equal to £^8 diains, and 
will form an angle with A 6 at C, representing aiiori- 
«)ntal angle of S^''. 

It has thus been shown that all lines, whether of 
geological strata, gardens, buildings, or machinery, 
Vhich are either upright or parallel 4n square direc- 
tions, forming vertical asnd horizontal isome tried lines, 
can be correctly delineated and measured by a com- 
jm>n scale, in the most simple and rapid manner, by 
simply inscribing a hexagon, in order to obtain the 
isometrical directibns. "The drawing of in-isomettical 
lines is somewhat more difficult, but may be readily 
accomplished, 1st, by geometrical construction ; 2nd,^ 
by an isometrical protractor ; 3rd, by the projecting 
rulers ; and 4th, by the use of the sector, or by ob- 
taining the results of sectorial operations at once frcun 
mathematical tables. 

In drawing arches, -or other curved or irregular lines, 
«cm an in-isometrical {dane, an artist will readily dis- 
cover many methods of lessening the apparent difficul- 
4ies of each particular case, by the construction of 
ellipses, or by simple geometrical construction. Thus 
suppose that it is required to represent a circular arch 
of 66 feet diameter, over the in-isometrical line CF, 
Fig. 4, Plate XXX., the centre of which arch shall be 
represented by the point G ; 

On -the isometrical line AB, the di^anee CE 
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represents 2*68 chains^ which is the length of the in* 
isometrical line CF. Join EF, and draw GH parallel 
to FE. Set off e k on the line AB, at 33 feet distance 
OB each sida of the point H,; draw ilj k m, parallel to 
H G ; then will the distance / m, on the line CF^ 
represent a distance of 66 feet^ the diameter of the 
arch required, and the intermediate divisions^ <>f 10: 
^qual partial will represent distances of 6*6 feet. 

On the same scale used fot the distance GEi on 
the line AB, take a radius of 33 feet( describe a 
semicircle N, and divide the diameter o p into 
10 equal p^ts ; draw vertical liniss from each point 
of division, both in the semicircle N, and from 
the line / m transfer the respective heights of the arch 
from the vertical lines at N to the eorres^nding ver- 
tical lines above / tn, and the extremities of the line$ 
will indicate the curve of the ellipse whi^h represents 
the in-isometrical arch over the line I m^ and which is 
on the in-isometrical plane over the linfe C Fi 

In the great number and variety of plans ahd dfafr* 
ings connected with the practice of civil engineerings 
many instances occur in which the method of isome- 
trical drawing would be highly explanatory and useful* 
To the intelligent and scientific class of professional 
persons who exercise the various duties of that import 
tant avocation, it is unnecessary to offer many detailed 
considerations on a subject which they are so weft 
able to judge of. The favourable notice of Isometrical 
Plans of Mines and Maehinefy by the Institution of 
Civil Engineers, and by Mr. Telford, thekble andemi^ 
nent president of that gocietj, as well as by numerous 
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Other practical and well-informed men, is a sufficient 
proof that the merits of this mode of drawing are 
at least worthy of some ^are of that consideration 
which pTofeddonal persons are so competent to be- 
stow upon it* With reference to this department, I 
^all, therefor^) briefly observoi that as the limits of 
this Volume preclude the advantage of having illustra- 
tions on a sufficiently Imrge scale, I have introduced 
one or two small plans to give a general idea of the 
application of isometric drawing to bridges, harbours, 
cast-iron fitoning, and machinery ; from whence it will 
probably appear that it may be frequently employed 
with advants^e for the expiration of such work^. 

Plate XXVIL contains a plan, elevation, and sec- 
tion of Tanfidd Arch^ near Neweasde, drawn from 
a correct model in the possession of the author, made 
from actual measurement. The isometrical drawing, 
Fig» 4, on the same plate^ combining both the ground 
plan and elevation, is drawn to the same scale ; and 
such a view of any proposed bridge would often be 
fynmd a very useful accompaniment to the architectural 
plans and elevations. The eitact lines of surface over 
the banks can be truly represented, and whatever is 
known of the ibimdations delineated in a very clear 
and intelligible manner. If the plan admit, the bed 
^f the river ii^y also be exactly drawn by lines show- 
ing the depth or section under any given line on the 
eurface of (he water ; and if these lines be tinted 
with colours represeaiing clay, gravel, rock, &c., a 
l^^eat d^ of useful information may be comprised in 
the compass of a moderately-sized drawing. Suppose 
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liittt Ihe opinion of an engineer is required as to tbr 
practicability of erecting a bridge over a river and: 
valley, which he is unable personally to inspect, is it 
not obvious that a correct isometrical drawing of tl^e 
banks and sections of the river would give more com- 
plete and condensed information than any other mode 
of planning ? As common ground plans and sections 
are data for isometrical drawings, so a correct isome^ 
trical plan may comprise, in one drawing, aM the dalim 
requisite for numerous horizontal plans and vertical 
sections ; and, with a set of triangular rulers, an engi-* 
ueer or architect may, in a very short time, give a 
more clear and distinct idea of his projected bridge, 
quay, or other works^ than could be done by three or 
four of the separate plans and sections generally used; 

Plate XXVII L represents a pkn, elevation, and 
isometrical drawing of the cast-iron circular framing 
lately ere(rt;ed at Trueman's Brewery, under the able 
direction of Mn R. Davison, the engineer of that est 
tablishment ; a detailed account and drawings of which 
are in the library of the Institution of Civil Engineers. 

Plate XXIX. represents a plan and isometrical view 
of Seaham Harbour, as designed by Wm. Chapman^ 
Esq., the extensive works of which are now in active 
progress under the immediate superintendence of John 
Buddie, Esq. To avoid complexity on so small a 
plan, the principle objects only are represented. Th^ 
faint intersecting lines may be conceived as represent- 
ing a horizontal plane or base coinciding with the level 
of the sea. Upon this base the plan of the several 
^uays, piers^ &c.,isJirst dr^wn, and the several hei^s 
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afterwards added. T%e Sudt dotted liiiesjhiibiaGte the 
manner in which the depth or bottom of the sea 'or 
harbour may be delineated, wherever the soundings 
are known, as at s s s s s, &c. ; and in like manner, 
by levelling the banks, the correct line of surface can 
be laid down. On a large drawing, the staiths, houses, 
walls, and various other details, may be distinctly re- 
presented, and ships ^id boats also delineated in ex« 
act proportion to the surrounding dbjects. 

Plate XXX L is a plan, with front and end eleva- 
tions, of a new drop or spout for shipping coals, the 
invention of the late engineer, Wm. Chapman, Esq.,' 
from whose rough papers and sketches, assisted by 
the explanations of his brother, Edward Chapman, 
Esq., a model has been recently constructed by the 
Author, an isometrical representation of which is given 
in Plate XXXII. This example affords a clear idea 
how the details of machinery, the framing of staiths, 
&c., may be represented in the plan of a quay or har- 
bour, when the scale is sufficiently large. 

Plate XXXI 1 1, exhibits an isometrical view of the 
shaft of Countess Pit, near Whitehaven. This colliery 
is one of the extensive coal works belonging to the Earl 
of Lonsdale. The shaft, of which a portion is here re- 
presented, is a circle, the inner diameter of which is 
15 feet ; the masonry of the pit wall has 9 or 10 inches 
bed on each side, and the interstice of 3 inches be- 
tween the pit stones and the sides of the excavation 
is filled with grout or concrete. The joints of each 
course are fastened by concrete inserted in diamond 
holes. The principal novelty in this shaft is Its 



220 BUILD INOS AN€) Jtf ACHmERT. 

^wisk>n into four parts, by two walls of dressed ashlars, 
9 inches broad The courses average from 10 to 12 
inches in depth, and each course forms a separate arck 
rising 12 inches in the centre, so that any stone or 
stones may be removed at pleasure, without reference 
to the weight above. In the progress of sinking it 
was frequently found necessary to commence the par-* 
tition at certain depths, and to wall it up to join other 
portions above. In each separately-built portion of 
the cross walling, the lowest course forms an arch of 
21 inches, the back of the second course being the 
usual curve of the rest of the walling, viz : 12 inches. 
This, and the extensive coal mining concerns of the 
Earl of Lonsdale generally, are under the direction of 
John Peile, Esq., and of his son, Mr. Williamson 
Piele, under whose immediate superifitendence this 
admirable shaft was constructed, and to whose kind- 
ness the author is indebted for the above details. 

Many similar examples and Illustrations might be 
introduced, but the preceding msy be sufficient to 
4elucidate the general nature and advantages of isome- 
trical projection. In various surveys of pr^ected new 
lines of roads and railways, the Author has had occa- 
i^ion to take accurate tevels of the principal streets 
.and roads of towns, or of adjacent railways, preparato- 
xy to determining the best lines of direction for the in- 
tended work. The sections thus obtained were laid 
down on isometrical plans, and by drawing Imes in 
any direction, and at various rates of inclination, it 
could at once be exactly ascertained at what depth 
such lines passed under the surface of the respective 
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secdons, so that, in a few minutes, information^ could 
%e gained as to the respective levels and depths of 
each line, which it would require considerable time 
and calculation to obtain from ordinary plans and 
sections. 

It has thus been endeavoured to show, that, by cer- 
tain fixed £md unvarying rules, easily understood, and 
attainable by a very moderate share of attention, the 
most complicated lines of geological surveys, plans of 
land or gardens, or drawings of harbours, bridges, 
machinery, &;c., may be delineated, so as to combine 
the accuracy of a plan with the force and clearness of 
a picture. The rules by which this effect is accom- 
pFished, are not only easy of attainment, but depend 
on such obvious principles, t&at they partake more 
nearly of the character of ingenious amusement than 
of the labour and intricacy of many similar operations 
ei exad; science. The Author ha« endeavoured ta 
render tiiese rules^ and the several examples contained 
in the work, as clear atuj. intelligible as the subject 
will admit i and from the opinion of many able scien- 
tific and practical men,, he is induced to believe, that 
isometrical drawing requires only to be better known, 
to be more generaHy adopted for the various kinds of 
representaticm alluded to in the present work. As a 
means of blending instriietion and amusement, it de- 
serves some att^tion from those who are iatrusted 
with the education of youth. To ladies, it is agaift 
respectfully sulmeiitted that isometrical drawing posses- 
ses some claims on their attention^ by enabling them, 
ki an easy and correct manner, to execute landsci^e 
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•nd garden views, drawings of antiquities, and orna^ 
tnental designs of various kinds. In geology and 
mining, it opens out a new and interesting method of 
conrectly delineating the surface of the earth, the ar- 
rangement of the strata, and the interior workings of 
mines i thus forming^ a correct plan and pictorial re- 
presentation of the whole in one drawing- To engi-< 
neers^ architects, and mechanics, and to all persons 
connected with the arts of building and design, isomer 
trical delineations furnish new and explanatory illus* 
trations of the several works, whether intended tor 
ornamental drawings, or for working details^ In short,; 
this mode of drawing fills up the space between the 
picture and the' plan ; between the picturesque beauty 
of the painter's canvass, and the formality of the de- 
signs of the mechanical draughtsman. Combining 
the accuracy of the plan with the force and clearness 
oi the picture, it is evident that it may be rendered a 
tteost valuable and explanatory ^ addition to the plans 
and drawings now commonly used ; and if it does n<H 
introduce the plans and elevations of the engineer and 
architect actually within the sphere of the Fine Arts^ 
it most assuredly gives to them a strong impress of 
pirtonal beauty, which Inore nearly approaches to the 
Fine Arts thoB erdamiy plans and sections have hither^ 
to commonly done. jDrawing, combined with a love 
of art, and an attachment to ingenious and useful oc<^ 
icupation, tends to prepare the mind for the reception 
of enlightened views and generous sentiments ; a re^ 
jnark which applies to every class of society, and to 
every occupation in life. Who would not gladly se^ 
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riie cultivation of such pursuits gradually displacing^ 
and finally banishing from our isle» those vain and 
frivolous amusements^ those worse than mis-spent days 
and years, in which the lives of many are passed, who^ 
by a better direction of their talents, and more inno- 
cent employment of their time, might be ornaments of 
society, instead of being unprofitable members of it ? 
Immense sums are annually spent in this kingdom 
4>n pursuits and amusements^ of which ihe very least 
that can be said is, that they are frivolous in thmi 
nature,^and momentary in the pleasure they afford ; 
and amidst all this, how small is the share of publie 
fiiToor and support which falls to the lot of many use- 
ful and meritorious labourers in works of general use* 
fulness ? The noble and princely benefactions given 
by the British public to the infirmaries, public hospi-- 
tals, and other charities throughout the kingdom^ and 
the large incomes collected by various religious socie- 
ties, strongly evince that both piety and benevolence 
largely flourish and abound. The extravagant sums 
expended in pubHc entertainment also evince that 
parsimony forms tK>genemL or widely-extended feature 
of the character of the sons and daughters of Engknd. 
To a more general diffusion of a taste for rational and 
simple amusements, and an extended knowledge of 
the various branches of art and science, we must 
naturally look for a more liberal and enlightened pa- 
tronage of those various departments of human know- 
ledge which are now comparatively neglected, but on 
which the welfare and happiness of mankind, and the 
j[)ermanent interests of every civilized nation, most 
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eminently depend. As a means of eultivating a tmte 
for the arts of grapkic design, combined with geome' 
trical sci^ice» isometrical draining will be found an 
int^esting source of amusem^Eit, and a nseful and 
explanatory illustration of various subjects in geology 
and mining ; for the delineation of ornamental grotinds i 
(or the easy and expeditious construction of arcfaitee* 
lural designs ; and for various oiher purposes in the 
practice of civil engineering, and in the wide an<i 
varied circle of the meehanicai arte. 
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A TREATISE ON ISOMETRICAL DRAWING, as 
applicable to Geological and Mining Plans* Picturesque Delinea- 
tions of Ornamental Grounds, Perspective Views and Working 
Plans of Buildings and Machinery, and to general Purposes of 
Civil Engineering ; with Details of improved Methods of pre- 
serving Plans and Records of Subterranean Operations in Mining 
Districts. With Thirty-five Engravings. By T. Sopwith, 
F.G.S. ; Member of the Institution of Civil Engineers ; Author 
of ** Geological Sections of Mines ;" " Account of Mining Dis- 
tricts," &c. Second Edition, 

<< Iflometrkal perspective is preferable to common perspective on many 
aodounts s it is much easier and simpler in its principles ; it is also incompa- 
rably more easy and accurate in its application. The information given by 
isometrieal drawings is much more definite and precise than that obtained by 
the usual methods, and better fitted to direct a workman in execution/*-— 

PROFSSSOB FaBIBH. 

^ Isometrieal views of building ou^t to be in universal use among archi- 
tects. The elevation which this mode of drawing produces^ is higldy expla- 
natory and expressive.— h/. C. Loudon. 



OPINIONS OF TBE PRESS. 

'< For landscape gardening, isometrieal projection is as admirably adapted 
as it is for architecture ; and we cannot but recommend this book most 
strongly both to gardeners and land surveyors* To land and mine survey- 
ors it is indeed indispensable, nothing of equal importance to it having ap- 
peared since Mr Horner published his Improved Method of Land -surveying 
in 1810.** — Loudon*8 Gardener*8 MagoMtne, 

^ On this use^ mode of representing objects, Mr Sopwith has the merit 
of producing the first work, or^ at least, the first work of real use entirely 
devoted to the subject. We recommend this work for the accurate manner 
in which it is treated, as indispensable to engineers, architects, coal-viewers, 
and surveyors, and to every araughtsinan employed in delineation.** — New* 
easUe Chronick. 




struct 

these , ^ 

Sopwith are suited to the comprehension of the general reader, and the sub- 
jects treated of are exemplified in a fitmiliar and csssilj comprehensible style.** 
Neweoiile CouranL 

^ We have only room, at present, strongly to recommend Mr. Sopwith'^ 

book, as BT FAX. THE BKST, AMD IITDBED TBX OITLT COHPLXTE WOmX, that 

has jet appeared on the subject. Every part of it is rendered easily com- 
preliensibl^ even by a person who knows scarcely any thing of geometry; 
and every mode of the application of isometrical drawing is beautifully il- 
lustrated by engravings.** — Loudon's ArthUeetwral Magojrine. 

*^ The chq>ter on mineral plans is of very great value, both as to the 
ininute and sensible details into which the author enters, respecting plans and 
the best mode of constructing them, the instruments to be employed in 
makine them, and the best method of preserving mining plans and records. 
As to Isometrical drawing, this wotk is by far the most complete that 
has appeared. Mr. Sopwith describes, in a clear and interesting manner, 
the great advantages of isometrical drawing in geology and mining, its appli- 
cation to ornamental and landscape gardening, in which he is supported by 
the high opinion of Mr Loudon, and its use for plans of buildings and ma- 
chinery and for general purposes of civil engineering. The copious illustra* 
tions, the many strikinff examples introduced, and the excellent engravings, 
make this work not only of importance to the man of science, but attractive 
to the general student. Indeed Mr. S. has so skilfully treated his sulgect 
afl to rmove all difiSculties from any person of ordinary industry.*' — Tjfne 

'*• Mr. Sopwith commences with a general chapter on ' Mineral Plans and 
Surveys * in which be enforces at great length, and with no small ability, 
the importance of < a more general and scientific system of recording the 
progress of mineral works in the great coal and lead mining districts of the 
United Kingdom.' The measures expedient to be taken for the estabH^ 
ment of a better system are treated of by Mr. Sopwith under five different 
heads. The proprietors and conductors of mines, and all under them, would 
do well to study the whole of the^ sections attentively. The author*8 
suggestions are all of a very sensible and practical character ; accompanied 
with every necessary instruction for carrying them into complete effect.**— 
•* We are, upon the whole, very much pleased with Mr. Sopwith's • Tre»- 
tise ;* it is not only the fullest, but, in point of pbacticax. illvstba- 
tion, the best which has tet appeabed on the subject of isome- 
trical PROJECTION ; and from its popular style, and the elegance of its 
embellishments, is eminently calculated to extend the use of this very su- 
perior method of graphic delineation.*' — Mechamc*8 Magaxme, 

GEOLOGICAL SECTIONS OF HOLYFIELD. HUD- 
GILL CROSS VEIN AND SILVER-BAND LEAD MINES, 
IN ALSTON MOOR AND TEESDALE ; showing the va- 
rious Strata and Subterranean Operations. By T. Sopwith. 
Price 10s 6d. 

These plans exhibit the subterraneous workings of the mines, by a hori- 
Eonial or ground plan, and by an unright or vertical section : the former 
exhibits the course and bearing of the veins, and the levels, cross-cuts, 
drifts, &c., by which access is had to the veins for procuring lead ore. The 
section shows the order of superposition, and various thickness of the strata 
AS they occur in different mining fields, with the woridfigs in them. Suck 
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daU* by a uppljing numerous records of established fkcts in the disposition 
and chan^ of the strata, the position of veins, and their productiveness 
under various circumstances, must be of essential service in a study where a 
knowledge of facts and a patient investigation of practical results, are the only 
sources from which any important discoveries can be derived. 

HISTORICAL AND DESCRIPTIVE ACCOUNT OP 
ALL SAINTS' CHURCH, in Newcastle upon Tyne, illustrated 
with Plans, Views, and Architectural Details, including an Ac- 
count of the Monuments, with Armorial Bearings, &c. By T. 
SopwiTH. Demy octavo. Eleven Engravings. Price 10s. 6d. 

The present church of All Saints is the most splendid architectural orna- 
ment which modem times have produced in Newcastle^ being equally con- 
spicuous for the novelty and convenience of its plan, as for the variety of its 
decorations. In attempting to compile an accurate and detailed account of 
this, and the former structure, the writer has carefully selected the most va- 
luable information, and availed himself of opportunities of procuring mate- 
rials from original and authentic sources. The antiquity and numerous en- 
dowments of the old, and the many interesting circumstances connected with 
the erection of the new church, are subjects which are not devoid of interest 
to the inhabitants of a town of which it is so distingubhed an ornament, 
and still less to the parishioners who have reared so fair a monument of their 
munificence and taste. 

<• Though this may be considered a local work, yet it goes so much into 
detail, and gives such accurate plans, sections, views, estimates, Slc*, of the 
church, that it is calculated to be of considerable use to the young architect* 
— JjmdmCa Architectural Magaxine, 

This work being chiefly of local interest, neaxfy the whole impression has 
been sold in Newmde, and s few copies only remain. 

EIGHT VIEWS OP FOUNTAINS ABBEY, intended 
to illustrate the Architectural and Picturesque Beauties of that 
celebrated Ruin. Engraved from original Drawings by J. Met- 
calfand J. W. Carmichael. With an HISTORICAL and 
ARCHITECTURAL DESCRIPTION. By T. Sopwrra. 

^* The sketch conveys all the general idea of Fountains that tourist or 
antiquary can wish, detailed with truth, spirit, and feeling.** Letter from 
E. SuRTEEs, of Mainsforth, Esq., Author of the History of Durham. 

AN ACCOUNT OF THE MINING DISTRICTS OP 
ALSTON MOOR, WEARDALE, AND TEESDALE. IN 
CUMBERLAND AND DURHAM; comprising descriptive 
Sketches of the Scenery, Antiquities, Geology, and Mining Ope- 
rations in the Upper Dales of the Rivers Tyne> Wear> and Tees. 
By T. SopwiTH. Price 4s. 6d. 

** To all who are desirous of having some practical knowledge of geoloffy 
and mining, and who can spare a month to walk over Alston Moor and the 
other districts, we most strongly recommend this little work as a companion. 
We do not know any manner in which a young architect, engineer^ or land- 
surveyor, could spend a month*s holidays with more advantage, either to 
his mind or to his health, than in traversing such a district.** — LoudotCa 
Architectural Magazine, 

' *< This is such a work as we have long wished to see. Happily, the suh- 
J«et has iallen into the hands of a practical man, and not a mere amateur of 
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ore8» or a paoeffjrrist of the picturesque. We earnestlT recomDieud to those 
who are piannufig a tour, tu think well on the beauties, and ponder on the 
profits of a Campaign among the mines. To such persons this book will be 
of great yalue. The work, in its * getting up,' does credit to the pro- 
vincial press.** — ^ The practiod operation of mining itseIC with a comparison 
of the ancitnt tn^ modem modes, and some hints as to the wajs and means 
of a miner*8 exists nee, lead us to the chapter headed < A Visit to a Lead 
Afine,* the whole which we we would extract if our space would permit ; 
but we mutt coi i^ent ourselves with remarking, that the circumstances of 
many mines are crowded into one picturei and grouped with such effect that 
we see and feel as we read. Yadmoss, Cauldron Snout, and the Dale 
scenery are adndrably desaibed.** — Alias. 

*^ The title of this moat entertaining and instructive little work by no 
mama ezpraaes the importance and variety which the reader will discoTer 
on peruaing it The minute and pleasing descriptions of the peculiar 
coiwtryy of the hills, and the views to be seen from them, of particular seats 
and antiquities, and of the mines themseltes, and the way they are wrought, 
with a brie^ but skilfiil sketch of the geology of the district, and other en- 
quiries into suljectt of natural history, fonn a volume, the only ol^jection to 
which is, that it is not twice the length. To the stranger this work will im- 
part a very accurate and concise account of every thing that can interest, 
either at Alston, in the neighbourhood, or in the whole of the northern min- 
ing district, so that it will be reckoned a valuable hook even ta those who 
themselves never saw the country ; but to travellers through the district 
itself both the information of 'the volume and the plan of the roads will be 
great accommodations. It is admirably adapted for a companion on the 
routes it describes. Mr. Sopwith seems disinclined to claim any merit in 
the undertaking. We do not agree with him. He was not writing a volu- 
mhious history ; he was not preparing an erudite bock of science; his object 
was to furnish a popular account of the curious district in which be for some 
years reaided, and his object has been both amply and ably accomplished. 
We must express our approbation of the conduct of the printer and publish- ' 
er, who has entei^ on the speculation in a most public spirited manner, 
wci) deserving of tbe kindness of the author, who has handsomely made him 
a preaent of tbe manuscript,*^— Tyne Mercury, 

PLAN OP THE MINING DISTRICT OF ALSTON 
MOOR, with Pwrt of the Dales of Tyne, Wear, and i ees, and 
the several New Lines of Road recently made in these Districts. 
By T. Sopwith. Price Is. 6d. plain; or 2s. 6d. coloured. 

PLAN OF THE VALE OF DERWENT, near Newcastle, 
showing tbe new Line of Road, with a Letter-press Description, 
&c. By T. SoFWiTH. Price 7s. 6d. 

A SET OF PROJECTING AND PARALLEL RULERS, 
invented by T. Sopwith, for constructing Working Plans and 
Drawings in Isometiical and other Modes of Projection, with Let- 
ter-preBS Description, and a Sheet of Isometrical Drawing Paper, 
as. 6d. 

DESCRIPTION AND USE OF AN IMPROVED LE- 
VELLING STAVE. By T. Sopwith, The improved Level- 
ling Stave may be had as above. Price £3 3s. each, accompanied 
with a Letter- press Description. 



XJEWOASTLE : PaiNT£0 AT THK COUBAM OFUCE, BY J BLACKWELL AND CO. 



